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Almost three decades have passed since NEOcaine's 
introduction for spinal anesthesia. Its low toxicity 

and numerous advantages encouraged wide use, but & 

it remained for clinical experience to bring into . 
_. clear, sharp outline the preferred indications for 


” NEOcaine. 
NEOcaine is used for operations below the dia- 


phragm. 
NEOcaine is preferred (1) when pulmonary dis- 
ease makes inhalation anesthesia questionable, 


2) for extensive, shock-inducing surgery, 
3) in cardiac, renal, diabetic or thyroid dis- 


ease, (4) in toxemias and (5) for the aged. 


NEOcaine involves less visceral manipulation 
and packing-off. The abdomen is "silent" and 


~ relaxed. 
NEOcaine minimizes postoperative discomfort, 


toxemic sequelae and secondary shock. 


Administration: Employ | mg. of NEOcaine ' 

per pound of body weight, up to 150 mg. : 
Dissolve crystals with spinal fluid led into the 

ampoule. Inject slowly with optional barbo- CAIN 


tage, using a 22 gauge needle. Trendelenburg 
at once, continuing for 3 hours. Contrain- 
dicated in gastrointestinal perforation, ob- a 1 1945 


struction, peritonitis, cerebrospinal or dorsal 
skin disease. Drug idiosyncrasy is rare. 
SUPPLIED: Ampoules of 

80, 100, 120, 150, 200, 








50, 
300 mg. of pure procaine 
hydrochloride. Boxes of 10. 
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THE USE OF BLOOD PLASMA FOR FILLING THE PLEURAL SPACE 
FOLLOWING TOTAL PNEUMONECTOMY* 


A CLINICAL STUDY 
W. E. Apams, M.D., T. F. Tuornrton, Jr., M.D., 
AND 
L. M. Cartron, Jr., M.D. 
Cuicago, Int. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL, 


Since GRAHAM’S! successful removal of an entire lung for bronchogenic 
carcinoma in 1933, surgical treatment of this tumor has enjoyed marked 
success. In a recent article by Rienhoff,? who reviewed his own series of 181 
consecutive cases, and reported on the results of a number of other surgeons, 
it was found that the mortality for this operation has been reduced to an 
average of 20 to 25 per cent, and in some instances as low as .66 per cent. 
Most of the technical difficulties of the procedure have been overcome, the 
principle causes of fatality being some form of infection or cardiorespiratory 
failure. A fairly high percentage of patients with this lesion are in the sixth 
or seventh decade of life. Therefore, a marked lowering of reserve in the 
cardiorespiratory function is present. Thus, in these patients an infection 
that otherwise might be relatively unimportant may be sufficient to result 
fatally. 

In Grahatn’s first patient, following the removal of the lung, a seven-rib 
thoracoplasty was made for obliteration of the pleural space. This was 
performed for a number of reasons, not the least of which was to avoid the 
danger of a serious empyema. Subsequent experience has demonstrated that 
total ablation of one lung may be performed without thoracoplasty, and that 
a serosanguineous fluid coming from the adjacent tissues fills the residual 
cavity. At the present time most pneumonectomies are made without thoraco- 
plasty, although the procedure of choice continues to be controversial.? The 
chief objections to pneumonectomy without thoracoplasty have been: (1) the 
hazard of serious infection of the pleural space and mediastinum ; and (2) the 
ill effects produced by overexpansion of the remaining lung. A third, and 
seldom considered undesirable effect of this method, is the lowering of the 
blood plasma protein and tissue protein reserve, which is partly due to the 
filling of the remaining pleural space with fluid rich in proteins. 





* This work was supported in part by a grant from the Douglas Smith Foundation 
for Medical Research of the University of Chicago. 
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The rate of filling this space following pneumonectomy is quite variable, 
depending upon the vascularity of severed adhesions, and the amount of 
operative trauma. It may be quite rapid, especially where sulfonamides are 
used locally in the pleural cavity at the site of operation. The rate of filling 
is probably also increased by the negative pressure in the pleural cavity, 

The accumulated pleural fluid has been analyzed and found to contain 
approximately 4 to 5 Gm. per cent of proteins, somewhat less than that 
normally contained in blood plasma. Since this space usually has a capacity of 
between 700 and 1,000 cc., the amount of proteins removed from the circu- 
lating blood and, thus, from the protein reserve of the tissues is considerable, 
The degree of ill effects of rapid depletion of proteins from the circulation 
and tissue reserve will depend upon (1) the status of tissue proteins preceding 
operation; and (2) the adequacy of replacement of blood loss during and 
following the surgical procedure. Although at the present time there is a 
better appreciation of the severity of blood loss accompanying intrathoracic 
operations, recent studies have indicated that these patients do not usually 
receive sufficient replacement therapy for maintaining the blood in the pre- 
operative status. 

The ill effects of hypoproteinemia on the surgical patient have been inves- 
tigated in recent years. Extensive studies on both animal and man reveal a 
striking parallel between the incidence of postoperative infections and delayed 
healing of wounds, and the presence of subnormal blood proteins. Thompson, 
Ravdin and Frank* produced hypoproteinemia in dogs and found that the 
repair of wounds was delayed in these animals. In further experiments® 
delayed healing was averted by the restoration of blood proteins to a normal 
level immediately following operation. 

In a study of postmortem material, including both medical and surgical 
conditions, Cannon, and his associates,® showed a definite relationship between 
protein deficiency and the incidence of serious infection. The explanation for 
this was found in the lowered concentration of antibody globulin in protein 
deficient rats, demonstrated by immunologic and chemical methods.‘ In 
further investigations on rabbits they found that a diminution of agglutinins 
produced an increased susceptibility to infection in the presence of hypopro- 
teinemia as compared to litter mates with normal blood protein levels. 

In view of the hazard of infection in the pleural cavity following pneu- 
monectomy and its relationship to protein deficiency, at the suggestion of 
Doctor Phemister, some experiments were planned to test the effect of filling 
the pleural space with blood plasma following the removal of an entire 
lung in animals.® 

In experiments performed on 61 dogs and four goats, complete blood 
studies were made before and after the resection of an entire lung. In one 
group no transfusions were given following the operation, and the pleural 
cavity was allowed to become obliterated spontaneously. In the second 
group, replacement of blood cells and plasma lost both during operation, and 
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into the pleural space following operation, was made by the transfusion ot 
plasma or by whole blood. In the third group, the replacement therapy was 
entirely made by the use of blood plasma or serum which was placed in the 
pleural cavity at the end of the operation. The results of the control experi- 
ments revealed that the total blood proteins were reduced by as much as 25 to 
30 per cent of their preoperative value. This reduction placed the blood 
proteins at a significantly low level of 4 to 5 Gm. per cent, and the preoperative 
level was not regained for approximately ten days, the period of wound 
healing. Several factors were thought to be contributory in producing the 
reduction of proteins, namely, removal of lung tissue, the thoracotomy wound, 
infection, and the lack of nitrogen balance. 

Replacement therapy in the form of blood or serum given intravenously, 
or serum intrapleurally, was quite effective in reducing the amount of blood 
protein fall after pulmonary resection. If given in sufficient amounts, both 
methods of administration appeared to be quite effective. 

In view of the above results it was decided to make a clinical study of 
the changes in blood proteins following various operations on the thorax.® 
Blood protein determinations, made by the micro-Kjeldahl method,!® and 
hematocrit values were obtained before and at two-day intervals for a ten- 
to 14-day period after 32 major operations including: lobectomy, 14; pneu- 
monectomy, five; exploratory thoracotomy, seven; and miscellaneous, six. 
From these investigations it was found that the blood plasma proteins fell 
approximately 1 Gm. per cent following these operations, and occurred in 
31 of the 32 instances. This fall occurred in spite of the fact that the blood 
lost at operation was thought to have been fairly adequately replaced. The 
range of fall for the 14 lobectomies was from 0.44 to 2.91 Gm. per cent, the 
lowest blood protein level usually being on the fourth or fifth day following 
operation. In approximately one-third of the entire series of 32 patients the 
fall was below the danger level of 5.50 Gm. per cent. The average transfusion 
for this group of patients was 942 cc. at operation and an additional 782 cc. 
during the period of convalescence. The fall in protein level was ascribed 
to operative blood loss, loss of blood and serum into the wound and pleural 
cavity following operation, infection, diminished protein reserve, and inade- 
quate replacement therapy. Transfusion of whole blood was thought to be 
the most satisfactory single therapeutic agent when blood proteins were 
lowered due to loss of blood. 

In view of the results of the above studies, it was thought worth while to 
test the influence of filling the pleural space with plasma following total 
pneumonectomy in man. This report is based on results obtained in 18 
patients receiving such treatment, and ten additional patients used as controls 
in whom no plasma was employed. The usual method of management was 
as follows: Prior to operation the red cell count, hemoglobin value and plasma 
protein level were determined. If preoperative transfusions were required 
the tests were repeated following the transfusion. At the time of surgery 
between 500 cc. and 600 cc. of blood plasma were introduced into the pleural 
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* This patient had an arteriovenous fistula of the left lung for which total pneumonectomy was performed. 
+ This patient had a chronic diffuse pneumonitis for which a total pneumonectomy was performed. 
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cavity at closure of the thoracic wall. In addition to the plasma, 200,000 units 
of penicillin were placed in the pleural space in nine of the 18 patients. 

Between one and three days after operation, following chest fluoroscopy, 
the remainder of the residual air was removed and replaced with plasma, 
usually 200 to 400 cc. Immediately following operation and for a period 
of two to three weeks, additional analyses of the blood were made at intervals 
of one to three days. 

In addition to the above studies, fluid was obtained for plasma protein 
determinations, culture, and penicillin concentration from the pleural cavity 
in both the control and the treated groups. 


RESULTS 


Detailed results of these studies are seen in Table I. In analyzing this 
data one should keep in mind that an attempt had been made, in most patients, 
to replace the entire amount of estimated blood lost at operation by blood 
transfusion during and immediately following the operation. For this reason 
surgical shock was practically never observed. 

From the data presented, and also from studies as yet unpublished," it 
was evident that the greatest drop in red cell count, hemoglobin and hematocrit 
occurred between the third and fifth day after surgery. Following this there 
was a slow return to normal, but in most instances the preoperative plasma 
protein level had not been reached by the end of two weeks postoperatively. 

The lowering of blood plasma proteins was also usually greatest by the 
third to fifth day but the fall did not always parallel that of the hemoglobin. 
In some patients the red cell count and hemoglobin remained very nearly 
the preoperative level, although the plasma proteins fell. (See Cases Nos. 
7and 16.) When the proteins were lowered to a considerable degree, i.e., by 
1 to 1.5 Gm. per cent, they usually had not returned to the preoperative level by 
the end of two weeks following operation. 

Table II and Graph I present the changes in blood plasma proteins follow- 
ing pneumonectomy. The range of lowest level of proteins following opera- 
tion is indicated in A of Table II, the largest number of patients averaging 
between 5 and 6 Gm. per cent. However, three patients in Group II did not 
fall below 6 Gm. per cent. 

The range of plasma protein fall following surgery is indicated in B of 
Table I]. Nine of the 14 treated patients (Group II) fell less than 1.4 Gm. 
per cent, two others were between 1.4 and 1.7 Gm. per cent. The three 
remaining patients (Nos. 13, 15 and 16) all received sulfathiazole locally in 
the pleural cavity at the time of operation. This resulted in a marked accumu- 
lation of pleural fluid. In patient No. 16, 680 cc. were removed to relieve a 
serious mediastinal shift. In patient No. 13 a large amount of serum drained 
out through the chest wound. The third patient had inadequate replacement 
of blood loss by transfusion. Thus, there is adequate explanation for the 
marked lowering of plasma proteins in these three cases. In the control group 
(I) the fall in plasma proteins ranged from 1 to 2.1 Gm. per cent, none of 
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BLOOD PROTEIN ALTERATION FOLLOWING PNEUMONECTOMY 


Blood Plasma 
Protein Fall Following 


Operation 
A. Range of lowest level of plasma 
proteins: 
5.0—5.4Gm. % 
5.5—5.9 Gm. % 
6.0—6.4 Gm. % 
6.5—6.9 Gm. % 
7.0—7.4Gm. % 

B. Range of fall of plasma proteins: 
0.3—0.5 Gm. % 
0.6—0.9 Gm. % 
1.0—1.3 Gm. % 
1.4—1.7 Gm. % 
1.8—2.0 Gm. % 

Over 2.0Gm. % 

C. Avg. fall 


Group I 


No Plasma Placed 
in Pleural Cavity 


Patients— 

Total and Case Nos.: 
3 (7, 9 & 10) 

2 (6 & 8) 

0 


0 
0 
Total and Case Nos. 


0 
0 

2 (8 & 9) 

2 (6 & 7) 

0 

1 (10) 

1:48 Gm. % 


Group II 
Pleural Cavity 
Filled with Plasma 


Patients— 

Total and Case Nos.: 

4 (16, 18, 21 & 24) 

7 (12, 13, 15, 19, 20, 22& 25) 
1 (23) 

0 

2 (27 & 28) 

Total and Case Nos:.: 

5 (20, 21, 24, 25 & 28) 

3 (12, 19 & 27) 

1 (18) 

4 (13*, 15¢, 22 & 23) 

1 (16f) 

0 

0.9 Gm. % for 14 patients 
0.77 Gm. % for 11 patients 
(See below) 


* Patient No. 13 had a tumor of the chest wall two inches in diameter removed in addition to a pneumo- 
nectomy. Patient also received 5 Gm. of sulfathiazol in the pleural cavity and drained considerable fluid from 


the chest wound. 


+ Patient No. 15 had inadequate replacement by transfusion in addition to receiving 5 Gm. of sulfathiazo} 
in the pleural cavity which produced an increased pleural effusion. 
t Patient No. 16 received 5 Gm. sulfathiazol in the pleural cavity which resulted in marked pleural effusion— 
680 cc. being removed to correct for mediastinal shift. 


GRAPH I 
ALTERATION IN BLOOD PLASMA PROTEINS FOLLOWING PNEVUMONECTOUY 
































































































GROUP I GROUP II 
Ga. % | No plasma in pleural cavit; 300-800 cc. plasma placed in pleural cavity 
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the patients falling less than 1 Gm. per cent, which is similar to the findings 
in the previous study made of this problem. The average fall for the 14 
patients who received plasma in the pleural space was 0.90 Gm. per cent. 
However, if the three patients above mentioned are eliminated the average 
fall was 0.77 Gm. per cent. In contrast to this, the average fall for the control 
group was 1.48 Gm. per cent or almost twice that of the 11 treated patients. 

The postoperative level as well as the fall in plasma proteins is indicated on 
Graph I. It is readily seen that a high percentage of the treated patients had 
only a slight lowering of the plasma proteins and maintained a higher post- 
operative level than the patients in Group I or the controlled series. 

The complications following operation are listed in Table III. The 
incidence of serious complications and the mortality rate were almost twice as 


TABLE III 
POSTOPERATIVE COMPLICATIONS FOLLOWING TOTAL PNEUMONECTOMY IN 28 PATIENTS 


Group I—Pleural cavity allowed to fill with fluid spontaneously. (10) 
Complications: 
1. Cardiac failure, 1 
2. Sulfonamide anuria, 1 
. Bronchial fistula, 2 
. Empyema, 2 
. Bronchitis and atelectasis, 4 
6. Pneumonia, 1 
Deaths, 4: 
1. Cardiac failure, 1 
2. Sulfonamide anuria, 1 
3. Infection, 2* 
* One death occurred 5 weeks following operation (2:5 weeks after returning home). 


ne Ww 


Group II—Pleural cavity filled with blood plasma. (18) 
Complications: 
1. Cardiorespiration failure, 1 
2. Pulmonary embolism, 2 
3. Pneumonia, 1 
4. Bronchial fistula, 1 (temporary—no infection) 
5. Empyema, 1 
Deaths, 4: 
1. Pulmonary embolism, 2 
2. Cardiorespiratory failure, 1 (bronchial asthma) 
3. Pneumonia, 1 (V. C. 1700 cc. before pneumonectomy) 


great in the control group as in the group which received plasma in the 
pleural space following resection of the lung. Although this series of patients 
is not large, the discrepancies between the two groups is significant. One of 
the most striking differences is the high incidence of infection of various types 
in the control group as compared to the treated patients. Factors influencing 
this feature are considered in Table IV where the patients are classified accord- 
ing to the method of closure of the bronchus, the use of penicillin, and the 
use of plasma intrapleurally following operation. The method of closing the 
bronchial stump has varied somewhat from time to time. However, the first 
group in which closure was made by two rows of sutures, the proximal being 
mattress in type, after the method described by Overholt, were not neces- 
sarily the first operations performed. Some of the patients in Group II 
in which closure of the bronchial stump was made with a single row of 
interrupted sutures over the end of the stump were among the earliest resec- 
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tions made. A large percentage of the operations in Group II were the most 
recently performed, using only a single row of sutures for closing the 
bronchial stump. This fact must be taken into consideration in interpreting 
the low incidence of complications in this group. 


TABLE IV 


RESULTS FOLLOWING TOTAL PNEUMONECTOMY IN 28 PATIENTS CLASSIFIED ACCORDING TO TYPE OF 
BRONCHIAL CLOSURE AND THE USE OF PLASMA AND PENICILLIN IN THE PLEURAL CAVITY 








Complications 
No. of Atelec- Pul. Card. 
Cases tasis Pneu. Emp. Fist. Emb. Fail. Deaths 
I. Closure of bronchial stump 
with two rows of sutures 
(i—Fistula & emp. 
| 1—Card. failure 
a. No plasma in _ pleural J 1—Empyema and 
A ee roa 7 2 1 3 2 0 1 4 pericarditis 
| 1—Sulfonamide 
anuria 
b. 300 to 600 cc. plasma in 
pleural cavity.......... 5 0 0 1 1 1 0 1—Pulmonary 
embolism 
SS ee ee 12 2 1 4 3 1 1 5 
II. Closure of bronchial stump 
with one row of sutures 
a. No plasma in pleural 
CO SETI a te Ne 3 1 1 0 0 0 0 0 
b. 500 to 800 cc. plasma in 
Hleural CAVItY....6..000. 4 0 0 0 0 1 0 1—Pulmonary 
embolism 
c. 550 to 1000 cc. plasma emer 
and 200,000 U. penicillin 14 failure (bronchial 
in ‘pleural cavity........ 9 0 1 0 0 0 1 | asthma) 
J Bronchial pneu. 
— 1700 ce. 
preop. 
ee ee 16 1 1 0 0 1 1 s 


The highest incidence of complications and greatest mortality was found 
in Group Ia where two rows of sutures were used for closing the bronchus. 
When plasma was placed in the pleural space in addition to the above method 
of bronchial closure the incidence of complications was considerably lowered 
(see Ia and b). The lowest incidence of complications was obtained in 
Group II-C where the bronchial stump was closed with a single row of inter- 
rupted sutures and the patient received plasma and penicillin intrapleurally fol- 
lowing operation. Of the nine patients, one had bronchial asthma, and died of 
pulmonary insufficiency following operation. Another patient had a vital 
capacity of only 1,700 cc. before operation and died on the fifth postoperative 
day of what appeared to be bronchial pneumonia. This patient was receiving 
120,000 to 160,000 units of penicillin daily in addition to 200,000 units in the 
pleural cavity. There was no infection on the side of operation. There were 
no other complications in this group. 

A striking difference in the incidence of postoperative empyema and 
bronchial fistula was seen between the two methods of bronchial closure. 
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Of the 12 cases closed by the two row suture technic, four developed an 
empyema, three of which had a bronchial pleural fistula. In contrast with 
this, none of 16 patients whose bronchial stump was closed by the single row 
suture technic developed either an empyema or fistula following operation. 
The remaining complication, namely, pulmonary embolism, was observed twice 
in the entire series of 28 cases, and was fatal in each patient. One occurred in 
each type of bronchial closure. The etiology for this complication was not 
demonstrable. 

Discuss1on.—In a clinical study such as this, where a number of variables 
are unavoidable, it is difficult to accurately interpret the influence of the 
various factors on the results obtained. In addition to the data presented, one 
other factor was present in all patients except Nos. 1 and 2, namely, oral or 
intravenous administration of sulfonamides before and following pneumonec- 
tomy. In view of the fact that this therapy was used practically throughout 
the series, it is probable that it did not play a role in the discrepancy of results 
between the control and treated groups of patients. 

The results of the blood studies, including the plasma proteins, reveal that 
for the most part the blood loss during and following operation was not 
completely replaced by transfusion although it was our intention to do so; 
further that the plasma protein level could not be predicated by the blood 
count and hemoglobin values. 

Although the operative wound practically always healed by primary inten- 
tion (exception—Case 13), the incidence of pneumonia, bronchitis, atelectasis, 
and empyema were twice as frequent in the control group of patients as in 
the group in which the pleural space was filled with plasma. Just how much 
the increased lowering of the plasma proteins in the control group contributed 
to the increased incidence of infection is difficult to say. In view of the fact, 
as has been pointed out earlier, that infection and delayed wound healing 
showed a striking parallel to subnormal blood plasma proteins in experimental 
studies, it is at least suggestive that a relationship existed between the two. 

At postmortem examination on two patients expiring three and five days 
after pneumonectomy (Nos. 26 and 28) the bronchial stumps were securely 
closed and covered by a very firm layer of fibrin. This fibrin also extended 
into the fluid of the pleural cavity, the major portion of the latter having 
been placed there at the end of operation. It would seem reasonable to believe 
that a continual bathing of the region of the bronchial stump with plasma 
might contribute to the maintenance of its closure following surgery. In 
addition, the plasma as a vehicle for the penicillin simultaneously placed in the 
pleural cavity would carry the penicillin to all parts of the cavity in a concen- 
tration sufficient to ward off active infection resulting from unavoidable con- 
tamination at the time of operation. The results in the nine patients in which 
this was done would bear out this reasoning since in no patient was there 
infection in the pleural cavity following the removal of the lung on that side. 
This was true in spite of the fact that in one patient death due to bronchial 
pneumonia occurred five days after surgery (Case 28). 
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SUMMARY AND CONCLUSIONS 


The influence of filling the pleural space with plasma following total 
pneumonectomy was studied in 18 patients and the results compared with 
those in ten control patients. 

Blood studies made before and after operation showed less lowering of 
the plasma proteins in the treated group (average of 0.77 Gm. per cent as 
compared to 1.48 Gm. per cent in the control patients). More significantly, 
the blood proteins in the treated patients were in general maintained at a higher 
level than those of the control group (5.8 Gm. per cent as compared to 5.3 
Gm. per cent). 

The incidence of complications following operation, including empyema, 
bronchial fistula, bronchitis, atelectasis and pneumonia, was much less in the 
group of patients whose pleural space was filled with plasma, being approxi- 
mately 50 per cent of that of the control group. 

The influence of subnormal blood and tissue proteins on wound healing 


and the development of infections is discussed. 
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CHRONIC LEPTOMENINGEAL THICKENING FOLLOWING 
TREATMENT OF MENINGITIS WITH SULFA-DRUGS 


Percival Baitey, M.D., Px.D. 
Cuicago, It. 
FROM THE DEPARTMENT OF NEUROLOGY AND NEUROLOGICAL SURGERY, UNIVERSITY OF ILLINOIS, 
AT THE ILLINOIS NEUROPSYCHIATRIC INSTITUTE, CHICAGO, ILL. 

SINCE THE INITIATION of serum therapy of meningococcic meningitis 
various neurologic defects have been recorded as sequels to otherwise success- 
ful treatment of the infection. Among these may be mentioned infantile 
hemiplegia or diplegia, paraplegia in adults, deafness and deaf mutism, and 
aphasic troubles, but the most common late complication is chronic hydro- 
cephalus. As the infection is overcome the purulent exudate is organized by 
proliferation of fibroblasts which occlude the narrow pathways in the lepto- 
meninx and obstruct the circulation of the cerebrospinal fluid. It might have 
been expected that the same train of events would follow the suppression of 
a suppurative meningitis by sulfa-drugs or penicillin. Lately we have observed 
numerous examples. 


CASE REPORTS 


Case 1.—J. H., a male, age 16, was admitted, November 14, 1944, because of re- 
peated convulsions. 

In August he developed an earache. On August 29 the right ear drained spon- 
taneously. Sulphathiazole was administered on August 30 and on August 31 a right 
mastoidectomy was performed. On September 7 he had a high fever and stiff neck 
with severe headache. A lumbar puncture secured cloudy fluid containing 1523 leukocytes 
per cu. mm. and numerous gram-positive cocci. Cultures of the fluid remained sterile. 
On October 4 the spinal fluid contained 1240 leukocytes but, again, no growth was 
obtained from the fluid. Aside from continuous administration of sulphadiazine 75,000 units 
of penicillin were given intraspinally in nine separate doses of 5,000—10,000 units between 
September 7 and October 25. By October 12 his temperature was normal but a week 
later he became suddenly much worse, was irrational and uncodperative and his tem- 
perature rose to 104° F. On October 23 a lumbar puncture obtained cloudy fluid with 
2y,500 cells. He began to have convulsions and was admitted to the Institute. 

He was irrational with a temperature of 103° F. The right pupil was larger; there 
was a ptosis of the left upper eyelid and a right facial paralysis. His neck was stiff. 

He was given sedatives to quiet him and 100,000 units of penicillin intramuscularly, 
but his temperature rose steadily and he expired the following morning. 

Necropsy disclosed a left acute otitis media, an early interstitial pneumonia, a 
partially healed right mastoidectomy wound, and passive congestion of the spleen and 
adrenal glands. Alpha streptococci were grown from the base of the brain and gamma 
streptococci from the left middle ear. 

On external inspection of the brain one saw a milky thickening of the leptomeninx 
over the base and extending up the lateral fissures toward the vertex. The ventricles 
were not dilated but the ependyma was juicy, yellowish and cloudy; the left temporal 
horn appeared to contain a small amount of pus. 

Microscopic examination disclosed here and there in the leptomeninx small abscesses 
and clumps of macrophages filled with débris. Aside from the small abscesses the pre- 
dominant infiltrative cells in the leptomeninx were lymphocytes and plasma cells with an 
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occasional polymorphonuclear leukocyte (Fig. 1). The most striking feature, however, 
was the unusual proliferation of fibroblasts with the production of vast numbers of con- 
nective tissue fibrils. 

The ventricles were the seat of an acute purulent infection with an inflammatory 
exudate consisting predominantly of polymorphonuclear leukocytes. 





Fic. 1.—Case 1: Unusual proliferation of connective tissue fibrils forming a network in the 
meshes of which are entangled lymphocytes, plasma cells and an occasional polymorphonuclear 
leukocyte. 


CoMMENT: The meningitis seemed to be well on the way to healing. 
The sudden increase of symptoms leading to death would seem to be due to 
an extension of the infection to the ventricular system. 


Case 2.—L. di J., a female child, age 11, was admitted November 18, 1942. Born 
normally, she had been well, except for measles at the age of seven, until August 1942 
when she developed a severe headache. Because she had a fever she was given sulpha- 
thiazole for some time, how much is not known, and improved somewhat but later 
became Worse znd was taken to an hospital where a lumbar puncture was made 
on October 17. The initial pressure was 115 mm. of water. There was an increased 
cell count, mainly polymorphonuclear leukocytes, the actual count being unknown. On 
November 5 another puncture is said to have found increased pressure, the fluid was 
turbid and contained 9,000 cells, 80 per cent polymorphonuclear leukocytes. Cultures 
of the fluid were negative. She was then given sulphadiazine, how much is unknown, 
and her fever returned to normal but she became unresponsive. 

When admitted to the Institute her temperature was 101° F. by rectum but promptly 
dropped to 99.6° and thereafter fluctuated around 100° until near her death when it 
reached 104°. She was emaciated and dehydrated. The Icukocyte count in the blood was 
8,250. She could be roused with difficulty to respond with a feeble cry and to answer 
questions briefly. Her neck was slightly stiff. There was a bilateral Kernig sign and 
bilateral Babinski signs. The ear drums were normal. The optic disks were slightly 
blurred but not elevateed. Both external rectus muscles were paretic. 

A lumbar puncture obtained slightly turbid fluid with a count of 500, mainly 
polymorphonuclear leukocytes. Cultures of the fluid were negative. On December 8 
there were still 600 cells in the fluid. Cultures were again negative and injected guinea- 
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pigs remained healthy. Wassermann tests were negative on the blood. Mantoux test 
was negative. 

On December I1 a ventriculogram was made and disclosed only generalized dilatation 
of the ventricles. 

She became slowly more stuporous and expired January 31, 1943. Necropsy disclosed 
a patchy bronchopneumonia, cloudy swelling of the kidneys, liver and adrenal glands, 
hemorrhagic cystitis and fatty degeneration of the liver. Gamma streptococci were 
grown from the leptomeninges. 

The brain was of normal size but the markings of its inferior surface were obscured 
by a whitish thickening of the leptomeninx of the basilar and posterior cisterns. This 
pathologic alteration did not appear to extend to the lateral or interhemispheric fissures. 
There was a moderate internal hydrocephalus. The interventricular for2mina and. the 
aqueduct were not obstructed. 





Fic. 2.—Case 2: Leptomeningeal infiltration containing scattered polymorphonuclear leukocytes 
but great numbers of flourishing fibroblasts. 


Microscopic preparations revealed the thickening of the leptomeninx to be due to 
a marked fibroblastic proliferation from the walls of the numerous vessels. In addition, 
there were foci of chronic inflammatory reaction, consisting mainly of lymphocytes and 
plasma cells but with numerous polymorphonuclear leukocytes. No tubercle bacilli and 
no other pathogenic organisms were found. The fibroblasts were flourishing, forming 


broad bands of fibrils (Fig. 2). 


ComMENT: Again, the infection had been checked but not destroyed, and 
the thickening of the leptomeninx had already begun to produce an hydro- 
cephalus. 

Case 3.—D. A. H., a male child, age four months, was admitted August 10, 1943. 

Of normal birth, he was breast-fed and well until he was one month old, at which 
time he developed a high fever. A diagnosis of meningitis was made and the child was 
treated with sulfanilamide. On July 12 his temperature was 102° F., his neck was stiff 
and the fontanel bulging. Lumbar puncture obtained cloudy fluid, with 12,735 leukocytes 
and 14 mg. per cent of sulfanilamide. He was then given 30 cc. antimeningococcus serum 
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intravenously and sulfadiazine was begun. On July 14 his sulfadiazine level in the 
blood was 41.1 mg. per cent; in the ventricular fluid 63 mg. per cent. On July 26 the 
spinal fluid contained 1,673 cells. Cultures of the spinal fluid on several occasions were 
always negative. His temperature subsided to normal by September 25, but he remained 
stuporous. 

When admitted, the child’s head was retracted and measured 49 cm. in circumference. 
The anterior fontanel was widely open and bulging. The cranial sutures were separated, 
He was emaciated and dehydrated. His temperature was 103° F. on admission but 
subsided promptly to around 99°. The ear drums were normal. 





Fic. 3.—Case 3: Vast tangle of robust fibroblasts with an occasional macrophage. 


A roentgenogram of the skull showed dilatation of the sutures. On August 24 the 
lateral ventricle was punctured and air was injected, demonstrating a wide general 
dilatation of the ventricular system. The ventricular fluid contained seven lymphocytes per 
cubic centimeter and nothing was cultured from it. Following this procedure the 
temperature rose to 106° F. but promptly fell and remained around 90° until the child’s 
death on October 20. 

Necropsy disclosed an early bronchopneumonia. No organisms were grown from 
the brain or meninges. 

The cerebral hemispheres were enormously dilated and the cortex greatly thinned. 
The interventricular foramina and the aqueduct were widely dilated. There was a large 
opening through the septum pellucidum. There was a marked whitish thickening of the 
leptomeninges over the entire base of the brain, extending upward along the lateral 
and interhemispheric fissures but less evident over the vertex. 

On microscopic examination, the thickening was found to be caused principally by 
an enormous proliferation of fibroblasts and capillary blood vessels (Fig. 3). <A great 
many macrophages, containing blood pigment, were present but only a few inflammatory 
cells, mostly lymphocytes and plasma cells. There were no tubercles and no giant cells. 
Tubercle bacilli were not found. Within the parenchyma of the brain only the changes 
due to the hydrocephalus were found. 


ComMMENT: In this case the infection seems to have been eradicated but the 
hydrocephalus steadily increased. 
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Case 4.—R. S., male, age 15, was admitted January 6, 1945. He was well until 
December 6, 1944, when he complained of pain in the back. On December 7 he had 
a chill and headache. December 10 he was taken to an hospital where he was found 
to have a fever of 102.8° F. and a stiff neck. The spinal fluid was cloudy and contained 
10,000 leukocytes per cu. mm. Cultures of the fluid remained negative after 48 hours. 
He was given sulfadiazine, five to six grains per day, and 200,000 units of penicillin 
within the next 48 hours. His temperature rose to 105°. On December 13 he was 
given 100,000 units of penicillin, intraspinally, in two doses of 50,000 each. The sulfa- 
diazine was changed to sulfathiazole, 30 grains four times daily. Penicillin was again 
given; by December 16, 300,000 units had been given. On that day he had several 
convulsions. December 17 a transfusion of 400 cc. blood was given and, on December 21, 
another. On December 23 the patient had difficulty in moving his legs. December 25, no 





Fic. 4.—Case 4: Leptomeninx consists of a dense scar of collagenic connective tissue. 


fluid could be obtained by spinal puncture; both legs were now paralyzed. On January 
6 he was transferred to the Institute. 

His temperature was normal. He had a completely flaccid paraplegia, with loss 
of both tendon and superficial reflexes and a positive Beevor’s sign. There was 
anesthesia to all forms of sensation over the sacral dermatomes and hypesthesia up to 
D,,. He was incontinent of urine. 

Lumbar puncture was made at various levels up to D, but no fluid was obtained. 
On January 9 a laminectomy was performed at D, ,, under local anesthesia. The dura 
mater was lightly adherent to the arachnoid membrane. The subarachnoid space was 
completely obliterated and the spinal veins thrombosed. A biopsy was made of the 
greatly thickened leptomeninx. 

The wound healed promptly and he was discharged, condition unchanged, January 
25, 1045. 

Examination showed that the leptomeninx had been transformed into a dense scar 
of collagenic tissue. Inflammatory cells were entirely absent (Fig. 4). 


ComMENT: This case demonstrates the end-stage of an inflammatory 
exudate which predominated in the spinal region. 
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SUMMARY 


In all of these cases the course of events was much the same: an acute 
purulent infection which was controlled or cured by administration of sulfa- 
drugs or penicillin but the condition went on to death or some serious sequel. 
The disabling sequels are largely the result of the fact that these drugs exert 
no restraining influence on the fibroblasts which proliferate enthusiastically in 
their attempts to organize the exudate. The result is the transformation of 
the leptomeninx into a dense scar through which the cerebrospinal fluid 
cannot circulate and the contraction of which may constrict blood vessels and 
pathways essential to proper functioning of the nervous system. 

It is not suggested that these drugs be not used in the treatment of sup- 
purative leptomeningitis but a plea is made for early diagnosis and intensive 
therapy before a massive exudate has occurred and it is suggested that in any 
case the prognosis should be very guarded. 
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RADICAL RESECTIONS OF ADVANCED 
INTRA-ABDOMINAL CANCER 


SUMMARY OF RESULTS IN 100 PATIENTS* 


ALEXANDER Brunscuwic, M.D. 
Cuicaco, Ix1. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


IN RECENT YEARS, advances in the supportive treatment for surgical patients 
have reduced the risks attendant upon major operative procedures. These 
supportive measures include the prevention and treatment of shock by liberal 
use of blood and plasma, especially the former, refinements in anesthesia, 
especially the introduction of continuous spinal, greater appreciation of the 
importance of fluid and electrolyte balance and the general nutritional status, 
and the introduction of chemotherapy, especially for pulmonary and urinary 
complications. 

Measures for the reduction of mortality also permit of the extension of 
operative surgery in situations which although regarded as technically possible, 
in the past, were considered beyond feasibility because of the belief that the 
patients would not survive. 

During the past few years the writer has performed radical or massive 
resections in 100 patients with abdominal malignant tumors, which, by the 
usual criteria, were in the advanced stage. The literature includes a number of 
reports of very radical resections of abdominal cancer carried out in individual 
or small groups of patients but insofar as could be determined there have been 
no published studies of the possible benefits of such surgery in a significant 
series. Immediate survivals alone in isolated instances, interesting as these 
might be, would not justify advocacy of a general extension of operative attack 
upon advanced intra-abdominal cancer when effective palliation might be 
envisaged by the more conservative short-circuiting operations if obstructions 
of one type or another existed. 

Since no two patients present identical situations comparative studies are 
impossible ; furthermore, such studies cannot include “controls” as in the case of 
laboratory experiments upon animals. Moreover, “five-year survivals” in 
patients with advanced abdominal cancer, as a rule, can hardly be envisaged. 
The results, therefore, must be expressed in terms of palliation received. This 
is difficult to evaluate properly since a surprising degree of palliation may 
obtain by conservative measures. For example, not of the least importance, is 
an interested and encouraging attitude on the part of the attending physician, 
with judicial use of sedation. Great emphasis on maintaining a good nutritional 
state in the patient is also of paramount importance. Relief from pain and 








*The records of these case histories were facilitated by the O. C. Miller Fund 
for Cancer Research of the University of Chicago. 
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adequate regulation of nutrition, may 
result in remarkable gain in weight. 
Relief of obstructions alone, even in 
advanced stages of abdominal cancer 
may on occasion afford appreciable 
palliation for an unanticipated period. 
Those who have followed carefully 
patients with slowly advancing cancer 
are also aware of the powers of sug- 
gestion and psychotherapy in obtain- 
ing for certain periods, at least a sense 
of well-being. 

The patients considered in this se- 
ries presented varying types of neo- 
plasms with varying degrees of metas- 
tases and local extensions. Thus, the 
series of operations is an _heteroge- 
neous one indeed, and in almost every 
instance was not a standard procedure 
but one devised to the situations en- 
B EE countered. Limiting consideration tu 

F the endeavors of a single operator 
serves to control such factors as minu- 
tiae of technic, surgical judgment, 
manual dexterity, etc. 

A definition of what constitutes 
PM od pa sun 5 capmen), SAD Wiemcen radical or massive resections of ad- 
lobe of liver; (E) esophagocardiac junction; (D) vanced abdominal cancer is difficult to 
pylorus; (H) hepatic wiry (S) splenic flexure ; i . 

(P) neck of pancreas; (LS) large lymphosarcoma formulate. The following are exam- 
replacing practically all of stomach; (W) abdom- 
inal wall musculature and deep fascia invaded by ples: 


tumor and excised en masse with the neoplasm. 
(B) Situation at the close of the operation; 








Co 


(L) stump of liver after resection of left lobe; CASE REPORTS 

(EJ) 7) pn nore rd age Tr roe 

tomy; invaginated duodenal stump; tran > T Dea’ fale 
sected neck of pancreas; (CO) colostomy, hepatic Case 1—E. B. (No. 330809). Male, 
to splenic flexures. age 28. 


Resection of large round cell sarcoma primary in and practically replacing the 
entire stomach with spread to neighboring organs and tissues. The entire stomach, 
half of left lobe of liver, body and tail of pancreas, spleen, left adrenal, transverse colon, 
entire omentum and abdominal wall in the left upper quadrant were excised en masse; 
double-barrel colostomy, hepatic end of ascending colon to splenic end of descending 
colon through stab wound to one side of midline incision (Fig. 1). 

Result: Survival for over two months with ability to relish food eaten and appre- 
ciable relief from pain. Died of rapidly progressing generalized sarcomatosis, the period 
cf deterioration lasted for only two weeks. 

Case 2.—F. W. (No. 328218). Male, age 68. 

Resection en masse of entire stomach, entire pancreas, entire duodenum, left adrenal, 
spleen and entire omentum for carcinoma of the body of the pancreas directly invading 
the posterior wall of the stomach, with metastases to nodes along lesser curvature and 
in greater omentum. 
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Result: Survived three and one-half months. Relief from pain and jaundice for 
two and one-half months. (Previously reported in greater detail.1) 

Case 3.—P. H. (319547). Male, age 49. 

Resection en masse of entire sigmoid colon, dome of urinary bladder, terminal half 
of left spermatic cord, abdominal wall (except skin and superficial fascia) in left lower 


Fie. 1 (Cont’d) 





Fic. 1C.—Case 1 (339809): Photograph of surgical specimen consisting of (St) entire stomach 
almost completely replaced by round cell sarcoma primary in fundie portion; (L) half of left lobe of 
liver invaded by neoplasm; (Sp) spleen; (TC) entire transverse colon and contracted omentum; (N) 
large metastatic lymph node from over head of pancreas; (Musc.) musculature, deep fascia and anterior 
parietal peritoneum from left upper quadrant of anterior abdominal wall invaded by tumor. The body 
and tail of pancreas, and left adrenal gland were also resected but are not seen here as they are on 
the reverse aspect of the specimen. Operation completed by esophagojejunostomy, jejujejunostomy and 
double-barrel colostomy (hepatic end of ascending colon to splenic end of descending colon). Duration 
of operation: 3 hours 35 minutes. Continuous spinal anesthesia. Received 2,400 cc. blood, 500 cc. plasma 
and 3,300 cc. saline intravenously. At termination of operation there was no gross evidence of neoplasm 
remaining in the abdomen. Satisfactory convalescence, received palliation for over 2 months, the patient 
succumbed from rapidly developing generalized sarcomatosis that proved resistant to irradiation. Period 
of deterioration lasted 2 weeks. 


quadrant, 30 cm. of ileum with corresponding mesentery extending up to origin of superior 
mesenteric artery and including metastatic nodes palpable up to this artery for carcinoma 
of sigmoid invading loop of ileum to production of ileocolic fistula, also invading dome 
of urinary bladder, intra-abdominal portion of left spermatic cord and abdominal wall 
in left lower quadrant. Side-to-side entero-enterostomy, closure of remaining urinary 
bladder, double-barrel colostomy. Latter subsequently closed. 

Result: Survived 14 months; died of recurrences. Returned to heavy physical 
work (truck driver) for six months. 
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Case 4.—S. P. (No, 264586). Male, 
age 68. 

Resection en masse of gallbladder, sur- 
rounding liver parenchyma, all extrahepatic 
bile ducts except for small terminal stump 
of common duct, and portion of head of 
pancreas, for carcinoma primary in extra- 
hepatic bile ducts. T-tube inserted between 
right hepatic duct sinus in liver and stump 
of common duct at duodenum. The left 
hepatic duct stump was cannulated with 
urethral catheter; the latter came away in 
two months and sinus closed. No discharge 
of bile about T-tube. 

Result: Icterus cleared, relieved 
pain. Survived one year, returned to full- 
time normal occupation (accountant) for 
Died of recurrences. 


of 


six months. 


Space does not permit of the de- 
tailed description of each of the 100 
patients in the series considered in this 
report. The results are classified into 
four groups as follows: 

Group IV.—Thirty-four patients : 
Operative mortality. In this study 
patients dying within four weeks of 
operation are classified as operative 
deaths regardless of other possible 
causes. Some apparently died of car- 
cinoma but this did not alter their 
classification in view of the time of 
survival after operation. The causes 
of death are summarized in Table I. 

Group III: Fourteen patients. 
During the period of survival pallia- 
tion was minimal or did not obtain. 
At this writing three are alive, aver- 
aging four months since operation. 
Of the 11 patients who have died, all 
of carcinoma, the average postopera- 
tive survival was two and seven-tenths 
months. Two lived five, and five and 
five-tenths months, respectively ; one, 
four months; two, three months, re- 
spectively, and six, one to two months. 

Group II-a: Twenty-three patients. 


Annals of Surgery 
December, 


1945 





B 


Fic. 2A.—Case 332950: Diagram of operation 
showing levels of transection: (G) division of 
stomach; (P) pylorus; (N) neck of pancreas; (P’) 
body of pancreas excised with specimen; (N) 
neck of pancreas transected; (H) transverse colon 
transected near hepatic flexure; (D) descending 
colon near junction with splenic flexure. 

(B) Situation at close of operation; (GJ) gas- 
trojejunostomy; (P) transected neck of pancreas; 
(C) colostomy, hepatic flexure to upper portion ot 
splenic segment of colon. 


This group includes patients who sur- 


vived over one month to 14 months, received varying degrees of palliation 
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which, however, it is felt was sufficient to have justified operation and who 
since have died of carcinoma. The average period of survival was five and 
eight-tenths months. Five patients survived 10, 11, 12, 14 and 14 months, 
respectively. Three patients survived six to seven months. 


TABLE I 


CAUSE OF DEATH IN 34 PATIENTS SUBJECTED TO RADICAL RESECTION OF ADVANCED ABDOMINAL CANCER 


nest Gnitin=—1NO STOSS CVIGENCE OF PETIOTALIONG, ..6o.65.:50. 6s cdc cis 00's codecs ccees’dicesdscdocvenvcecs 6 
Peritonitis—Ischemic perforations or leakage of anastomosis (1 Case)........cccecececcecccceccccecus 6 
MNT AVENE OO TIED NCAT UTS LEE OIUAN 6) 50:55:65.6. 00:5 6 -wdi0,6'0 Wb. % 0-686 4d ieLS O'S Ooo lS ee Sora wae Oe. blower eaee ee 6 
Weridentar Tesecuion OF S&SMENE OF NEPALIC ALLETY ooo ooo. 65 50.5 6.0bi0 506 0 F660: bere ceieeeebegewactionse 2 
Prema) CIDALION OF BUPETION IIESENCENIC VOI 6 6. o55 i oc..o.s 0.545000 000s cs cccrecw eis cvieeeeiecebcieewedies 1 
Piuneonen intranepatic ragicale Of portal VEIN... 2. oo o65k 6 vcs vod cciee cow v'ecoeweecccecacbeccccccue 2 
(yy RETR EAC ae cA ad er TR YA Rese diye gee gen Ue ate 1 
“Exhaustion.”” Patients markedly debilitated by carcinomatosis, no specific cause of death revealed at 
iis aretha t i8g Gorgias evi) ake’ og 6.165 6 are 3%, Wie Wieiwb aiSa-4-@ Nba @ Rel ob S146 1S oC ORO ORE CONT Oe ee 2 
IAT NPINUIIEN 582005 Sool wo oS s5sio do's 10 ND skoda wd 80S STS ols ET OR ee oR 1 
Multiple thrombi splanchnic vessels and ischemic necrosis, gastric stump............ccccececcccccece 1 
SORTER Sy Gag oo. ib, 9:6 4"S.B is ies NALe GTO > 460.6 Re OES CREE A 1 
See ESISNE SONPOREURR CITA oe. ate (50.5 Np eva: h a) 4 9:0, o a 61a H's eS DOWTE EE ROWED SMOKE At Cee LEE De Rae af 5 
MM Taser rt Se ener ew taie ela aM Sy aces 136) Sad Wigkoh id: WTS 0 ls wee lane d ecaua ats a aeeTa Meroe GMa OE ne een 34 


GrouP II-b: Twelve patients. This group comprises the patients who have 
survived operation at least two months, have received sufficient palliation to 
have justified operation and who are living at this writing. Four who have 
survived operation an average of four and two-tenths months have clinical 
evidence of advancing disease but are considered to be in better condition than 
before operation. Four are living, well, and returned to usual full-time occupa- 
tion, 12, If, eight and eight months after operation, respectively. Four have 
been operated upon two to three months previous to this report, and are well. 

Group I-a: Twelve patients. Prolonged palliation, survival at least 18 
months, returned to usual occupation full-time. No evidence of carcinoma. 

Group I-b: Five patients, prolonged palliation but eventually died of recur- 
rent carcinoma. 

The question might be raised that patients in Groups I-a and I-b include 
lesions which are not “advanced” and, thus, received more conservative oper- 
ations than those in the other groups. That this was not the case is shown in 
Table II which summarizes the extent of the neoplasms and the operative pro- 
cedures. 

Ten patients are living and well an average of four years after operation 
(Group I-a). Five patients have died of recurrent and metastatic carcinoma, 
having survived operation for an average of two and one-half years (Group I-b). 

Included in Group I-a are two patients who were subjected to multiple 
stage radical resections of the pelvic colon in the face of clinical evidence of 
recurrent and metastatic carcinoma of the uterus following irradiation therapy. 
In both instances the primary growths (biopsied) were of such size as to leave 
the impression that their eradication by irradiation would probably not be 
successful. When readmitted they presented obstruction of the colon and 
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Group 1-a. 
Patient and Hosp. No. 
1, E.C. (134969) 
2. R.H. (186022) 
3. N. A. (261816) 
a-R:Z (263077) 
5. H.S. (27336) 
6. J.C (287119) 
7.G.J. (142751) 
oe eg (284407) 
9. N.G. (2648) 
10. L. R. (332950) 

Group 1-b 
1. §.L.. (233621) 
2. R. W. (287625) 
3. C. B. (255477) 
4. C.G. (239588) 
§.0.A. (132357) 


TasBie II 


SUMMARY OF OPERATIVE PROCEDURES AND RESULTS IN 
PATIENTS IN GROUPS 1a AND Ib DESCRIBED IN TEXT 
Findings and Procedure 
Carcinoma first loop of jejunum extending upward in mesen- 
tery, into body of pancreas and posterior to this into retro- 

peritoneal tissues. 

Resection of 10 cm. of upper loop of jejunum with involved 
mesentery, distal third of body of pancreas and upper retro- 
peritoneal extensions. End-to-end jejujejunostomy and 
gastrojejunostomy distal to this. 

Large ulcerating carcinoma second portion of duodenum in- 
vading adjacent pancreas. 

Resection of inner curvature of second portion of duodenum 
and subjacent pancreatic tissue. 

Carcinoma of lower third of stomach directly invading left 
lobe of liver, one detached metastasis in left lobe. 
Resection of lower three-fifths of stomach and left lobe of 
liver en masse. 

Carcinoma hepatic flexure with invasion of capsule of right 
lobe of liver and invasion of loop of ileum 20 cm. proximal to 
cecum. Right hemicolectomy with resection of lower 30 cm 
of ileum, all corresponding mesenteries and involved portion 
of right lobe of liver 10x 6x 4cm. Ileotransverse colectomy. 
Large fungating carcinoma of fundus of stomach with ex- 
tensive lymph node metastases in gastrohepatic ligament 
and throughout most of omentum. Total gastrectomy and 
omentectomy, splenectomy. Transection of esophagus 
about 1 cm. beyond gross limits of tumor. 

Large carcinoma of transverse colon invading stomach above 
and fungating through abdominal wall in periumbilical 
region. Resection em masse of transverse and ascending 
colon, lower 15 cm. of ileum, segment of abdominal wall 
8 x 6 cm., including skin and umbilicus, lower half of 
stomach. TIleosplenic flexure colostomy. Pé6lya gastro- 
jejunostomy; repair defect in abdominal wall (Fig. 4). 
Resection of lower half of head of pancreas, lower half of 
duodenum, regional lymph node metastases, double fist-size 
spindle cell sarcoma of third portion of duodenum. During 
operation superior mesenteric vessels were dissected free 
from tumor. Duodenojejunostomy. 

Massive carcinoma of left adrenal {nvading diaphragm 
above, musculature of posterior abdominal wall left side, 
surrounding upper pole left kidney and apparently invading 
body and tail of pancreas. Resection of tumor, left kidney, 
body and tail of pancreas, spleen, portion of left diaphragm 
and muscle and fascia of left posterior abdominal wall. 
One-stage pancreatoduodenectomy for large carcinoma of 
ampulla of Vater with regional lymph node metastases re- 
sected including a large node high in the porta hepatis. 
Large carcinoma left transverse colon with invasion of lower 
stomach and body of pancreas. Resection en masse of lower 
half of stomach, spleen, body and tail of pancreas, left three- 
fourths of transverse colon, descending colon and entire 
omentum. Double-barrel colostomy—hepatic flexure to sig- 
moid in left abdominal wall; subsequent closure of the lat- 
ter (Fig. 2). 


Massive islet cell carcinoma of body of pancreas, 15 cm. in 
diameter, invading stomach and segment of upper jejunum. 
Resection of body of pancreas, tumor, spleen, portions of 
gastric and jejunal wall invaded by tumor. 


One-stage pancreatoduodenectomy for large carcinoma 
termination of common bile duct. 

Multiple resections of right colon and portions of abdominal 
wall for recurring carcinoma. Well and active during inter- 
vals between operations. 


Resection of transverse and descending colon and segments 
of ileum and jejunum for obstructing metastases from 
gastric carcinoma resected two years previously. 


Subtotal gastrectomy for carcinoma of stomach with exten- 
sive lymph node and omental metastases. Carcinoma had 
perforated 2 months previously and was repaired in another 
institution. 
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Result 
Well 10 yrs. 


Well 7 years, 4 months 


Well 4 years, 2 months 


Well 3 years, 8 months 


Well 3 years, 6 months 


Well 3 years, 6 months 


Well 3 years 


Well 3 years 


Well 2% years 


Well 1 year, 7 months 


Lived 3 years, 11 mos. 
Died of complications 
of celiotomy performed 
for resection of metas- 
tases 

Lived 2 years, 2 mos. 
Died—recurrences 
Lived 2 years, 6 mos, 
Died coronary occlu- 
sion 3 weeks after 3rd 
celiotomy. Had exten- 
sive recurrences 

Lived 2 years, 2 mos. 
Normally active for al- 
most 2 years following 
operation 

Lived 2 years. Normal- 
ly active during most 
of this period. Died of 
metastases 
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extensive pelvic induration. It was the impression that the obstruction was 
due to recurrent pelvic neoplasm. Conservative management would have indi- 
cated loop-colostomy only. However, since biopsies of the adnexal regions at 
the time loop-colostomy was done for immediate relief of the obstruction failed 
to reveal carcinoma, subsequent procedures were carried out to excise the 
obstructed segments of pelvic colon and in each instance it was discovered that 
the lesion was irradiation necrosis, ulceration and stenosis of the colon. At 
present both these patients are living and well four years after final reéstab- 
lishment of continuity of the bowel. 


Fic. 2 (Continued) 





Cc 


Fic. 2C.—Case 332950: Photograph of surgical specimen showing: (T) large carcinoma of trans- 
verse colon; (O) entire omentum; (S) spleen; (St) lower half of stomach; (H) transected colon at 
hepatic flexure; (D) transected colon at junction of descending portion with sigmoid. Body and tail of 
pancreas and left adrenal gland also 1resected are on reverse side of specimen and hence not seen. 
Duration of operation: 3 hours and 20 minutes. He received 1,100 cc. of blood and 2,300 cc. of normal 
saline solution. 

The patient is well and at work full-time in usual occupation, 18 months after operation. He 
requested and received repair of ventral hernia (incisional) 12 months after above operation and at 
this time exploration of the abdomen revealed no evidence of recurrences or metastases. 


A recapitulation of the results discussed above is given in Table III. 

Discussion.—The contraindications for radical extension of operative 
attack upon advanced abdominal cancer are: (a) widespread peritoneal meta- 
stases; (b) extensive hepatic metastases; and (c) inability to encompass the 
growths by the incisions for resection. However, there may be exceptions to 
these “rules.” For example, in one instance of carcinoma of the body of the 
pancreas producing very severe pain and found to have numerous intrahepatic 
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TABLE III 


RECAPITULATION OF RESULTS 


I RIS DOC oir Et es gS ES oils bb wins iileesh la oe la bie Sw lecela oe eT a 
SEROTIVE TROTEOUEY 6 os.0:5 5.6 50:'s 0:6 0:0 010010 5:0: 010:010 Gaara esi kete Snap miosie Gas Sau ses ac sa os woes 34% 
Survived operation up to 5.5 months—little or no palliation................ 00. cece cece cee e ees 14% 
Survived operation up to 14 months—received palliation............. 2. cece ccc ee reece ceeeeeces 23% 
Living up to 12 months after operation—receiving palliation............ 0.0.00 cece cece ee ceceees 12% 
Survived operation average of 2.5 years—returned to usual activities but since died of carcinoma... . 5% 
Surviving operation, average of 4 years, returned to normal full-time activities................. , 12%* 


* Two patients (2%) following radical resections proved not to have recurrent carcinoma, although latter 
was initially present, as confirmed by biopsy, as previously described. 





Fic. 
Fic. 3.—Case 274690: Photograph of multiple Fic. 4A.—Case aaa Diagram showing 


simian excised from various portions of the abdo- levels of transection; (St) through midportion of 
men 4 years after previous operation at which time stomach; (P) pylorus; (S) splenic flexure of 
primary cystadenocarcinoma of right ovary was resected stomach; (I) lower ileum; (U) umbilicus and 
with drainage of- pseudomucinous peritonitis. (LL’) (W) surrounding portion of abdominal wall in- 
metastases removed from anterior surfaces of right and vaded by (T) large carcinoma primary in central 
left lobes of liver, respectively; (S) metastases removed portion of transverse colon. The umbilicus = 
from serosal surfaces of jejunum and ileum; (U) metas- abdominal wall were resected en masse with the 
tases removed from mesentery of jejunum; (T) metas- neoplasm, etc. 

tasis removed from mesentery of ileum; (A) metastasis (B) Situation at the termination of the oper: 
resected from right lower quadrant of abdominal wall ation; (GJ) gastrojejunostomy; (IC) ileotrans- 
with portion of rectus muscle; (P) mass of recurrent verse colostomy (splenic flexure). 

carcinoma excised from  cul- de-sac_ of Douglas. The 

patient continues in full-time occupation, has maintained 

30-pound weight gain and is otherwise well 9 months 


after operation. 
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metastases, (the patient was a physician), resection of the body of the pancreas 
and spleen was, nevertheless, carried out. During the five and one-half-weeks 
period of survival pain was almost completely relieved. This may well have 
been due to interruption of sympathetic nerves. In a young male combined 
abdomino-perineal resection was performed for carcinoma of the colon in the 
face of diffuse hepatic (but no peritoneal) metastases, since rectal tenesmus 
was very severe. Relief from this was obtained and the patient survived seven 


Fic. 4 (Continued) 








Fic. 4C.—Case 287119: Photograph of surgical specimen consisting of (TT’) large carcinoma 
arising in and involving right transverse and hepatic flexures of colon that extended upward onto 
stomach, the lower half of which was resected, and anteriorly along falciform into anterior abdominal 
wall. (U) Umbilicus and surrounding shaded area indicates extent of abdominal wall (skin, fascia and 
musculature) also removed to encompass tumor. (1) transected ileum about 8 cm. above cecum; (a) 
ascending colon; (sp) splenic flexure; (O) omentum. Operation terminated by ileosplenic flexure 
colostomy. Duration of operation: 3 hours and 15 minutes. Received 1,200 cc. blood and 1,500 cc. 
uormal saline solution. Patient living and well 3 years 6 months after operation, with no evidence of 
recurrences. 


months, gaining ten pounds in weight and was ambulatory for most of this 
period. A young adult female (Case 274690) patient, weighing 90 pounds, was 
subjected to exploratory celiotomy because of marked swelling of the abdomen. 
Extensive peritoneal implants from cystadenocarcinoma of the right ovary were 
found. The ascites was drained and ovaries removed together with much of 
the diffuse metastases. Roentgenotherapy was subsequently administered and 
for four years she returned to normal activity. On the occasion of a follow-up 
visit a mass was palpable in the cul-de-sac of Douglas and deep induration was 
present in the right lower quadrant of the abdominal wall. There were no 
complaints, the 30-pound weight gain was maintained. Nevertheless, celiotomy 
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was performed and numerous metastases excised from the surfaces of the 
small bowel, anterior surfaces of the right and left lobes of the liver, from within 
the mesentery of jejunum and ileum, a mass was resected from the cul-de-sac 
of Douglas, and muscularis invaded by tumor was resected from the abdominal 
wall in the right lower quadrant (Fig. 3). Recovery was prompt and in a 
few weeks she returned to her usual occupation as an office worker. She 
remains well nine months after the above operation. 

It would be difficult to attempt prognosis in individual patients as to whom 
might receive effective palliation and who would not receive benefits from 
radical excision. The decision to proceed with operation is governed by sev- 
eral individual factors but obviously when all macroscopic evidence of neo- 
plasm can be resected, there are definite opportunities for effective palliation. 
On the basis of the experiences summarized above, 50 per cent of patients repre- 
senting a group hitherto regarded as beyond hope of appreciable benefits from 
radical surgical therapy were afforded some measure of relief which it is 
believed could hardly have been received by conservative procedures. The 
surgical mortality, i.¢e., 34 per cent, was not excessive given the situations 
encountered and especially when exploratory celiotomy alone in advanced 
gastric cancer is reportedly 20 to 25 per cent and for total gastrectomy in 
general hands is probably in excess of 70 per cent. Increased experience will 
permit of better judgment in the performances of radical resections for 
advanced abdominal cancer as well as refinements in technic. 


CONCLUSIONS 

Progress in supportive treatment of the surgical patient permits of the 
extension of radical surgical attack upon advanced abdominal cancer. Experi- 
ences in a series of 100 patients revealed that effective. albeit in some instances 
brief, palliation was afforded in 35 per cent with appreciable and prolonged 
palliation achieved in an additional 15 per cent of the series. Given adequate 
conditions, a more radical attitude in regard to the surgical treatment of 
advanced abdominal cancer would appear justifiable. 
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SURGICAL RELIEF OF TREMOR AT REST 
Paut C. Bucy, M.D. 


Cuicaco, Itt. 


FROM THE ILLINOIS NEUROPSYCHIATRIC INSTITUTE AND DEPARTMENT OF NEUROLOGY AND NEUROLOGICAL SURGERY, 
UNIVERSITY OF ILLINOIS, CHICAGO, ILL. 


THAT TREMOR AT REST arises from the activity of the precentral cortex 
(regardless of the location of the lesions responsible for the disease) has grad- 
ually become increasingly clear. In 1817, Parkinson! noted in his Case 6 
that the tremor at rest, which had been generalized, was abolished from the 
right side during the two weeks that side was paralyzed as the result of an 
apoplectic seizure. Patrick and Levy,’ in 1922, and Balser,’ in 1942, made 
similar observations. However, in such cases the damage from the cerebro- 
vascular disease has been too extensive to permit one to determine accurately 
the cortical area and the pathway primarily concerned with the production of 
tremor (Balser'). In addition, in 1937, I had abolished both tremor at rest 
and intention tremor from the right upper extremity by extirpating the “arm” 
area from areas 4 and 6 of the left precentral gyrus and the neighboring frontal 
convolutions.’ This observation definitely established the fact that these 
tremors, though probably released by destructive lesions in the subcortical 
nuclei, are produced by nervous impulses arising from the precentral motor 
cortex (areas 4 and 6). However, it left doubt as to whether these impulses 
responsible for the involuntary movements of tremor are mediated via the 
pyramidal fibers from area 4 or the extrapyramidal fibers from areas 4 and 6. 
Putnam!* helped to clarify this question. In 1938, he demonstrated that 
tremor at rest is abolished by section of the lateral pyramidal tract in the 
cervical spinal cord. He subsequently confirmed this observation in several 
additional cases. 

Fibers in the pyramidal tract arise from various places other than the pre- 
central motor cortex (Tower’*). Whether these nonprecentral origins are 
confined to the cerebral cortex (particularly the parietal region), as Mettler!® 
believes, is not as yet a matter of general agreement. However, the clinical 
observations cited above demonstrate that only those pyramidal fibers arising 
from the precentral region are concerned with the production of tremor and 
in the precentral region pyramidal fibers arise only from area 4 (Tower"*), 
which in man is confined to the precentral gyrus (von Bonin?). Architec- 
turally, area 4 in man is divisible into three parts: area 4y, area 4a and area 4s 
(von Bonin?), all of which probably contribute to the pyramidal tract. How- 
ever, the large pyramidal fibers (over 9), which form only two to three per 
cent of all of the pyramidal fibers, probably arise from the Betz cells which 
are to be found only in area 4y. Area 4y, in turn, forms the posterior part of 
the precentral gyrus (Fig. 1). The possibility existed that only the Betz cells 
and these large fibers are concerned with the production of tremor. If this 
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were true then cortical extirpations could be restricted to the posterior part 
of the precentral gyrus (area 4y), and areas 4a, 4s and 6 could be preserved. 
It seemed likely that such a limited extirpation would produce less paralysis 
and leave a more useful extremity than was obtained following the larger ex- 
tirpation of areas 4 and 6. The following case presented an excellent oppor- 
tunity to test this possibility. 











Man 


Fic. 1.—The human precentral motor cortex (areas 47, 4a, 4s, 6 and 44) and some 
adjacent areas. 


Case Report.—P. di F. was referred by Dr. Daniel H. Levinthal of Chicago, Illinois. 
He was born in Chicago of Italian parents. He was 23 years of age and single. He had 
been under observation both in the hospital and in the dispensary at the Illinois Neuro- 
psychiatric Institute for some time. On July 20, 1943, he was admitted to the hospital 
for operation. This young man came complaining of marked weakness of the right 
arm and leg and of a tremor, involving these extremities, for 15 years, since he was 
eight years old. His father informed us that the patient had been a normal healthy 
child until about the age of 5.5 years, when he had a rather severe attack of “influenza,” 
or “pneumonia.” He was ill for approximately three or four weeks. The exact nature 
of this illness we were unable to learn. However, he seemed to recover from it com- 
pletely and to remain well until two years later, when he was 7.5 years old. At that 
time his school teacher noticed that he was beginning to limp and that the right extremities 
were weak. A short time later a tremor appeared in these extremities. This was, and 
always has been, worse on excitement and has disappeared during sleep. It has always 
been most marked with the extremities at rest, and often disappeared during the execution 
of voluntary movements. The termor and weakness gradually increased in severity, and, 
whereas, originally the tremor was not constantly present, it was present during all 
of his waking hours for the five years prior to admission. For three years, that is, 
since the age of 20, his speech had been much more indistinct than formerly. 

Nothing else in the patient’s past medical history or in the family history seemed 
relevant to his present condition. 

Physical Examination—The temperature, pulse and respiratory rate were normal, 
the blood pressure was 120/76. He was a fairly well-developed and well-nourished white 
man, with an expressionless face and a marked tremor of the extremities on the right 
side of his body. He spoke haltingly, and it was at times with difficulty that he was 
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understood. He was said to be right-handed. He walked with a marked limp, favoring 
the right lower extremity. There was a scoliosis and a rotation of the trunk, such that 
the right hip was thrown posteriorly and the right shoulder thrown anteriorly, and he 
leaned toward the right side. The general physical examination was otherwise negative. 
The cranial nerves were intact except that the left pupil was slightly smaller than the 
right and slightly irregular. Both reacted normally to light and on accommodation. 
There were no oculogyric crises. There was a slight transient nystagmus, particularly 
on looking to the right. At times fasciculation of the masseter muscles on the left side 
was seen. There was a definite right lower facial weakness, both on volitional and emo- 
tional movement. Auditory acuity was reduced slightly bilaterally. The right shoulder 
was held elevated and thrust forward. There was, however, no weakness of the ster- 
nocleidomastoid muscle or of the trapezius. The tongue protruded in the midline. Because 
oi the violent tremor involving the right extremities, it was difficult to appraise the 
tendon reflexes. It was finally concluded, however, that they were definitely increased 
throughout the entire right side of the body, although they were normally active on the 
left side. The abdominal reflexes were active bilaterally, as were the cremasterics. 
Hoffmann’s sign was not present. The jaw jerk seemed to be increased. There was a 
suggestive Babinski sign on the right side only. No clonus was elicited. There was 
weakness at the wrist on the right side but the grasp was quite strong. There was 
also weakness of the movements of the thumb and the fingers on the right side. Other- 
wise strength in the right upper extremity was good, although useful activity was prac- 
tically prevented by the rigidity and the tremor. There was some weakness of the right 
lower extremity. He walked with a typical spastic hemiplegic gait, tending to drag 
the foot and circumduct it. The lower extremity was also internally rotated, so as to 
throw the greater trochanter forward. Actual weakness of the lower extremity, when 
individual groups of muscles were tested, was, however, slight. There was definite reduc- 
tion in the volume of the muscles throughout the entire right side. This was perhaps 
most noticeable in the interossei of the hand. There was definite cogwheel rigidity 
throughout the right side. There was a pes equinus deformity of the right foot, with 
contracture of the gastrocnemius and soleus muscles on that side. There was definite 
diminution in size of the gluteus muscles on the right side. Finger-to-nose and heel- 
to-knee tests were reasonably well done except that on the right side the tremor inter- 
fered somewhat with these tests. Sensation in all forms was intact everywhere. 

There was a marked tremor involving both the right upper and lower extremities. 
The oscillations were at approximately three to four per second. They involved the entire 
extremity but were most pronounced in the distal half. There was a tendency toward pill- 
rolling in the right hand, and a marked flexion tremor at the wrist. Both the tremor 
and the rigidity were more marked in the right upper than in the lower extremity. The 
tremor was predominantly a tremor at rest, although it was not completely absent 
during voluntary movement. He had a rather expressionless face; his speech was slow 
and drawling and hesitant. At times it seemed as though there were a slight motor 
aphasia in that he did not finally say the word that he started with. However, on detailed 
tests for aphasia, there were no definitely positive findings. He was slow in his responses, 
his intelligence was not above average, and he occasionally stuttered. A diagnosis of 
unilateral right parkinsonism resulting from a chronic encephalitis was made and was 
concurred in by all who saw and examined him. 

Laboratory Data.—Urinalysis was negative, the blood count was normal, the Was- 
sermann and Kahn tests on the blood were negative. A lumbar puncture was made, 
the cerebrospinal fluid contained 9 mg. of protein per 100 cc. of fluid, the Wassermann 
test was negative, the colloidal gold curve was flat, and the fluid contained two cells 
per cubic millimeter. An electro-encephalogram was made, which showed some spike- 
like waves of slow frequency to either side of the midline in the frontal region. 

The patient was given hyoscine hydrobromide and tincture of stramonium without 
benefit. 
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Operation—On August 3, 1943, under ether anesthesia, an osteoplastic flap was 
reflected in the left parietal region, exposing the central sector of the cortex of the 
left cerebral hemisphere up to the midline, and with the fissure of Rolando in the 
middle of the operative field. The exposed cortex did not appear abnormal. Photo- 
graphs were taken of it (Fig. 2) and a sketch of the cortex was made by Dr. Percival 
Bailey (Fig. 3). All of the exposed cortex was then carefully stimulated with a 60-cycle 
sine wave current, using a bipolar electrode. Motor responses were obtained only from 
the posterior part of the precentral gyrus (Fig. 3). As noted in a previous publication 





Fic. 2.—Photograph of the left central region after extirpation of the 
posterior half of the precentral gyrus and, thus, of area 4y in the ‘‘arm” and 
“leg” fields. 


with Dr. Garol,® stimulation of an area just anterior to the precentral gyrus and just 
ventral to the posterior end of the first frontal sulcus or superior frontal sulcus, caused 
a suppression of peripheral motor response. This area presumably corresponds to area 
4s in the subhuman primates. As this response was previously described in detail,® it 
need not be further alluded to here. The threshold for motor responses from the posterior 
part of the precentral gyrus was 1.6 volts. Movements were elicited in the head region 
and in both the right upper and lower extremities, as indicated on the accompanying 
diagram (Fig. 3). When the current was increased to 2.5 volts, a typical motor after- 
discharge was produced. The posterior one-half of the precentral gyrus in those regions 
from which movement of the right upper and lower extremities had been produced, 
was then removed subpially down to the bottom of the central sulcus (Fig. 2). The great 
relandic vein and the communicating vein, which crossed the region of the extirpation 
were left intact. The extirpation extended down the medial surface of the hemisphere 
to the first sulcus. The dura mater was then closed tightly, the osteoplastic flap replaced 
and held in place with silk sutures and the scalp wound closed as usual. 
Postoperative Course——The operation was completed at 4:30 p.M. At 6:00 P.M., the 
patient was awake and able to codperate in a limited examination. There was a com- 
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piete paralysis of the right upper extremity, and although there was marked weakness 
of the right lower extremity, he was able to flex the hip. There was definitely increased 
resistance to passive stretching of the flexors of the right upper extremity. All tendon 
reflexes on the right side were hyperactive; clonus could be elicited at the right ankle; 
Hoffmann’s sign could be elicited in the right hand; Babinski’s sign was present on 
the right side; the right abdominal reflexes were absent; but the cremasteric reflexes 
were all present; there was a right facial weakness; all sensation was intact, including 
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Fic. 3.—Artist’s elaboration of a sketch of the cerebral cortex exposed at operation. The insert 
indicates the general relation of the exposed cerebral cortex. The numbers designate areas of various 
responses to electrical stimulation. The area for flexion of the right hip is indicated by 1; for con- 
traction of the right quadriceps femoris muscle, by 2; for contraction of the right pectoralis major 
muscle, by 3; for flexion of the fingers of the right hand, by 4; for flexion of the right elbow and 
wrist, by 5; for movement of the neck and right shoulder, by 6; for movement of the right corner of 
the mouth and contraction of the right platysma myoides muscle, by 7; for movement of the lower 
lip on the right side, by 8, and for the suppressor area—areas 4s, by 9. The area which was extirpated 
has been indicated by cross-hatching. 


light touch, pain sensibility as determined by pinprick, the perception of differences 
in temperature, vibratory sense, position sense and the recognition of the shape of objects 
(stereognostic sense). 

On the first postoperative day (8-4-43), at 9:00 A.M., his speech was the same as 
before operation. He was able to abduct the right arm at the shoulder for about 10° 
to 15°. This movement was performed only after a considerable latent period and 
with considerable difficulty. He was also able to flex the right elbow after a consid- 
erable latent period, and also weakly. He could flex the right hip quite well, probably 
as well as he could before operation. He was able to extend the right knee about 
50 per cent as well as prior to operation. However, he was unable to flex the knee or 


tu move the ankle, the toes, the wrist or the fingers. 


There was a moderately increased 


resistance to passive flexion of the elbow, 


but only after the elbow had been flexed to 





90° and a similar resistance to passive extension of the right elbow, after it had been 
extended to approximately 135°. There was a definite reduction in the sense of position 
in the right fingers to approximately 50 per cent of absolute accuracy. However, he 
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was conscious of each passive movement of the finger, and he was able to identify each 
finger touch accurately. With his eyes closed he erred by as much as six to ten inches 
in trying to find his right hand with the left. There was no reduction in pain sensibility, 
as tested with pinprick on either side. All of the tremor which had been present 
preoperatively was completely abolished and remained so thereafter. There was marked 
perspiration, involving the entire right arm and right leg, while the left extremities 
were perfectly dry. Babinski’s sign was present. 

On the second postoperative day, the right abdominal reflexes had returned, but 
they were not as active as those on the left side. The cremasteric reflexes, however, 
were equally active on the two sides. The marked perspiration continued on the right 
side of the body and involved the head, right arm and upper part of the trunk more 
than it did the lower part of the trunk and the right lower extremity. Position sense 
was grossly defective in the right fingers but quite accurate in the toes. 

Movement in the right upper extremity was much less than it had been on the first 
postoperative day and was reduced to limited feeble twitch-like movements at the right 
shoulder. Movement in the right lower extremities were, likewise, reduced as com- 
pared with the first postoperative day. Resistance to passive movement in both the flexors 
and extensors, in both the upper and lower extremities, on the right side, was more 
n.arked. On August 7th, the fourth postoperative day, the excessive perspiration on 
the right side of the body still continued. The tremor was still completely abolished. He 
was able to identify individual fingers on the right side, but his sense of position in the 
right fingers and his ability to find the right hand with his left hand when his eyes 
were closed was grossly defective. Vibratory sense was only very slightly diminished 
on the right side. Sense of position was excellent in the toes and at the wrists. The 
reflexes were the same as they had been on the first and second postoperative days. 
Perception of pinprick was normal and the perception of alterations in temperature was 
acute over his entire body. The ability to recognize objects with his right hand, although 
not abolished, was definitely impaired. He could recognize numbers written on the 
palms of the hands, but on the right side it was necessary for these numbers to be three 
and one-half centimeters high, whereas numbers one and one-half centimeters high were 
properly recognized on the left side. He was able to detect gross differences in the 
weight of objects placed in his right hand. Movements at the right shoulder and elbow 
continued to increase in strength, but there was still no movement at the wrist or of 
the fingers. Likewise, movements of the hip and knee on the right side continued to 
increase, whereas there was still no movement at the ankle or of the toes. This con- 
dition continued gradually to improve. By the twentieth postoperative day, August 23, 
1943, the tremor continued to be entirely abolished; he was able to walk almost as well 
a3 before the operation and he had become able to flex his fingers, but could not extend 
tiem. In the lower extremities individual movements at the hip and knee had continued 
ti gain in strength, but he was unable to move the ankle or the toes. There was a slight 
increase in resistance to passive movement on the right side. All tendon reflexes on 
that side were markedly increased and Babinski’s sign was still present. Clonus could 
be elicited at both the knee and ankle. Hoffmann’s sign was present on the right side. 
Both the abdominal and cremasteric reflexes were active on both sides of the body. 
There was no disturbance of sensation including light touch, pinprick, alterations in 
temperature, vibration and position sense. On September 4, 1943, one month after the 
operation, the patient was discharged from the hospital. The tremor was still completely 
abolished, and has remained so up to the present time. 

By September 30, 1943, almost two months after the operation, he was walking 
better than prior to the operation. He was able to shake hands using his right hand. 
Strength in the right extremities had improved greatly. He now could not only flex 
the right hand and fingers, but could extend the fingers and thumb as well. In October 
he obtained a job in a laundry handling bundles, but he found that he had to discontinue 
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it because of difficulty in maintaining his balance when attempting to carry bundles and 
walk up stairs. By January 4, 1944, five months after the operation, he was able to 
tie his shoes and his necktie, using both the right and the left hand, to grasp. His right 
hand had increased in strength. 

On May 3, 1944, nine months after the operation, he was able to walk with his 
body upright, although with a definite hemiparetic gait. He did not swing his right 
arm as he walked. There was a definite moderately spastic hemiparesis on the right 
side, much the same as prior to the operation. All tendon reflexes were increased on that 
side. Hoffmann’s sign was present on the right side, as was Babinski’s sign. Ankle and 
patellar clonus were still readily elicited. The musculature on the right side was definitely 
atrophic as compared with the left, just as it had been prior to the operation. There 
was no disturbance of sensation anywhere. The violent tremor at rest which had been 
present prior to operation had never returned. His speech was still slow and rather 
monotonous as it had always been. When last seen, on December 13, 1944, over 16 months 
after the operation, the tremor was still absent. Useful voluntary movements of the right 
upper extremity were very limited. He walked better than before the operation, although 
in a similar fashion. 


Discussion.—These observations present several points of interest, par- 
ticularly as concerns the effect of the extirpation of area 4y upon tremor at 
rest, upon paralysis and spasticity, upon sensation and upon perspiration. 

Tremor: Extirpation of the “arm” and “leg” portions of area 4y (the pos- 
terior part of the precentral gyrus) abolishes tremor at rest in the contralat- 
eral upper and lower extremities. The tremor was abolished immediately 
after the operation and has not returned during the subsequent 16 months that 
the patient has been observed. This would indicate that tremor at rest arises 
from the activity of the Betz cells and is produced by nervous impulses me- 
diated by the large (9 to 22 fibers), which form two to three per cent of the 
pyramidal tract. 

These conclusions relative to the mechanism responsible for the actual pro- 
duction of tremor at rest have no bearing upon the question of what struc- 
tures must be destroyed for tremor at rest to appear. It is very likely, as I° 
have previously noted, that destruction of the substantia nigra or of the globus 
pallidus, or of both, is the most common lesion which releases the pyramidal 
system to this form of abnormal hyperactivity. 

Paralysis: This young man was not the ideal patient upon which to de- 
termine the degree of paralysis resulting from the removal of area 4y. .He 
had some paralysis before the operation. Nevertheless, following the opera- 
tion he had much more paralysis particularly in the upper extremity and par- 
ticularly in the distal parts (hand, fingers and foot) than before the operation. 
In the hand this has prevented much utilization of the upper extremity, al- 
though the disability has been somewhat less than in those cases where areas 
4 and 6 were removed (Bucy*). In the lower extremity the disability does 
not appear to be much, if any greater than before the operation. 

Spasticity: Although the resistance to passive manipulation of the right 
extremities is not great it is definitely more than before the operation. Fur- 
thermore, the tendon reflexes are much more active than before the operation, 
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clonus is readily elicited and Hoffmann’s sign has appeared in a forthright 
manner. ‘This all strongly indicates that in man inhibition of the postural 
and myotatic reflexes is not limited in the precentral motor cortex to area 4s 
but is also represented to some degree in area 4y. Admittedly, this case does 
not definitely establish that as a fact for there is no evidence as to possible 
operative or postoperative damage to area 4s. 

Sensation: This case, along with previous similar observations (Bucy*), 
leaves little doubt that the precentral gyrus is not concerned with the con- 
scious perception of sensory stimuli. Earlier, many individuals had observed 
that removal of the precentral gyrus results in impairment of some forms of 
sensibility on the opposite half of the body. In the vast majority of instances 
this sensory impairment is temporary. This case clearly establishes the fact 
that the sensory loss does not appear immediately after the destruction of the 
precentral tissue as would be the case if it resulted directly from that cortical 
extirpation. Rather the sensory deficiency appears gradually several hours 
after the extirpation as would be expected if it were due to the impairment 
of the circulation of the neighboring structures, notably the postcentral gyrus, 
from edema and venous thromboses secondary to the operation. 

Perspiration: The observation that the right half of the body perspired 
very profusely for several days after the extirpation is peculiar, in my ex- 
perience, to this case. This would seem to indicate that area 4y is concerned 
with the control of perspiration, probably through the sympathetic system. 
In this instance the excessive perspiration could be interpreted as resulting 
from the removal of cortical inhibition from the sympathetic nervous 
system, releasing it to temporary hyperactivity. Similarly, several years 
ago, I® reported another case in which a presumed capsular hemiplegia was 
associated with unilateral vascular spasm, abolition of the pulse, inability 
to obtain the blood pressure, cyanosis and coldness of the paralyzed extremities. 
In this instance, too, a release of cortical inhibition over the sympathetic 
nervous system was postulated. 

How the present observation correlates with that previously reported with 
Pribram,® in which a tumor beneath the lower end of the right precentral 
gyrus was associated with epileptiform convulsions of the left half of the face 
and associated attacks of localized sweating of the left side of the face and 
left upper extremity, is not as yet entirely clear. Both observations indicate 
that the precentral region exercises some control over the mechanism of 
sweating and that control is a localized one, as evidenced by the unilateral 
sweating in the present case and the limitation of the sweating to a small part 
of one side of the body in the case recorded with Pribram® 

Aphasia: In previous cases where a more extensive extirpation of the 
left precentral region was made for the relief of involuntary movements a 
temporary motor aphasia developed.* In this case, with a much more limited 
extirpation, there was at no time any such disturbance of speech. 

Suppression: Garol and I® have already reported the demonstration for 
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the first time of the suppressor activity of area 4s in the human brain, in 
this case. 

SUMMARY 


The case of a young man, 23 years of age, is reported. He suffered from 
a severe tremor at rest and a mild spastic hemiparesis involving the right ex- 
tremities, from the age of eight years. The “arm” and “leg” portions of area 
4y, the posterior part of the precentral gyrus, were removed. This procedure 
completely abolished the tremor, produced considerable paralysis particularly 
of the hand and fingers, resulted in some increase in spasticity, caused no im- 
mediate disturbance in sensory perception, and was followed by excessive per- 
spiration on the right half of the body for a few days. In this same case, at 
the time of the operation, the suppressor effect of area 4s was demonstrated 
for the first time in the human brain. 
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TRANSTHORACIC ESOPHAGOGASTROSTOMY FOR 
BENIGN STRICTURES OF THE LOWER ESOPHAGUS 


Dwicsut Epwin Cuark, M.S., M.D.,* anp Wriiiam E. Apams, M.D. 
Curicaco, Ix. 


FROM THE DEPARTMENT OF SURGERY OF THE UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


BENIGN OBSTRUCTION OF THE ESOPHAGUS, particularly at the lower end, 
may follow trauma, esophagitis, corrosion, simple peptic ulceration and chronic 
granulomas. Strictures of the esophagus associated with generalized sclero- 
derma has been describe dby Lindsey, Templeton and Rothman.! In a cer- 
tain number of cases no etiologic factor can be determined. In a series of 
243 cases of benign strictures Vinson? found 40 of unknown origin.  Stric- 
tures are less frequently observed than carcinomas or cardiospasm, but, as 
Yudin* pointed out, attract attention and interest because many of the cases 
concern young adults doomed either to repeated dilatations or to a miserable 
existence with a gastrostomy. 

None of the five cases which form the basis of this report was considered 
to have cardiospasm. In one case the stricture followed the ingestion of lye, 
another was associated with generalized scleroderma,7 and in three of the cases 
no etiologic factor could be ascertained. In all of the cases the obstruction 
either started above the diaphragm, or the entire lesion was in the thorax, so 
that none was amenable to a transabdominal cardioplasty. 

It is said that stricture of the esophagus with complete anatomic stenosis 
seldom occurs and that gradual dilatation will eventually result in restoration 
of swallowing in most cases. In order to be successful, treatment requires the 
coOperation of the patient as well as skill and perseverance on the part of 
the physician. 

It is that small group in which conservative treatment fails, that becomes 
of interest to the surgeon. Four of our cases had repeated dilatations, with 
only temporary relief, and two of these required gastrostomies when dilata- 
tions became impossible. The fifth case was not subjected to dilatation be- 
cause a malignancy of the cardia was suspected. 

In reviewing the literature, very little can be found concerning the sur- 
gical treatment of benign strictures of the lower esophagus. Yudin* recently 
has reported construction of an artificial esophagus in 80 cases of stricture of 
the esophagus. In six of these he used Birher’s cutaneous method. Sixteen 
cases had a direct anastomosis of the pharynx to a jejunal transplant and 58 
were operated upon by the combined methods, using a segment of jejunum 
for the lower part and a skin tube above. 

Such procedures as Yudin describes may be applicable for strictures 





* On active service with the United States Army. 
+ This case was previously reported by Lindsey, Templeton and Rothman.} 


942 





end, 
‘onic 
lero- 
cer- 
s of 
tric- 
tf, as 
aSeS 
‘able 


ered 
lye, 
ases 
‘tion 
:, SO 


Osis 
tion 
the 
t of 


mes 
with 
ata- 


sur- 
ntly 
e of 
feen 
| 58 


lum 


res 





Volume 122 TRANSTHORACIC ESOPHAGOGASTROSTOMY 


Number 
above the arch of the aorta but are certainly not ideal for lesions of the lower 
esophagus. 

Transthoracic esophagogastrostomy was performed successfully on five 
cases of benign stricture of the lower esophagus. There were no deaths. Since 
review of the literature failed to reveal the use of such a procedure for lesions 
in this location, it was thought a report would be of interest even though the 
number of cases is small. 

Most of the patients with a long-standing stricture of the esophagus are 
undernourished, which increases the possibility of postoperative complica- 
tions. Adequate preoperative preparation is extremely important. Adminis- 
tration of fluid, whole blood and plasma will aid materially in enabling the 
patient to successfully undergo an operation. Four of the patients in our 
series were given sulfonamides preoperatively and one was digitalized (Case 4). 


METHOD OF PROCEDURE 


Positive pressure ethylene-oxygen-ether ansthesia administered through 
a snug-fitting face mask was used. The patients were placed on their right 
side with the left arm suspended from a rectangular frame. The left chest 
and the abdomen wee prepared for operation, and an ankle vein was pre- 
pared for intravenous injection. The chest was opened through the eighth 
rib bed in four cases and through the eighth interspace in one case. Excellent 
exposure was obtained by the latter approach without resecting any ribs. The 
lung was retracted mesially and anteriorly, exposing the costovertebral gutter. 
In the first three cases, the phrenic nerve was crushed, but in the last two 
cases a long segment of the phrenic nerve was excised in order to assure a 
permanent paralysis of the diaphragm. The mediastinal pleura was incised 
and the lower esophagus isolated, including the accompanying vagi, which 
were spared wherever possible. In our experience, the lesion was very 
difficult to identify, and only after very careful inspection and palpation was 
it possible to determine the level and extent of the stricture. A 12-cm. radial 
incision was made in the diaphragm from the periphery toward the esophageal 
hiatus. The left phrenic artery was divided and ligated. In two of the cases 
the spleen was removed to facilitate mobilization of the stomach. Usually the 
fundus of the stomach could be brought up readily into the thorax to the arch 
of the aorta after the upper part of the greater curvature of the stomach had 
been liberated. The site for anastomosis was selected just above or at the 
upper level of the stricture. Two umbilical tapes were placed around the 
esophagus and tied twice, the second tie being a slip-knot, as shown in Figure 1. 
A side-to-side anastomosis was then made between the fundus of the stomach 
and the esophagus with two rows of interrupted or continuous linen sutures 
(Fig. 1). Tension on the suture line was relieved by anchoring the stomach 
to the pleura above the anastomosis. The diaphragm was closed about the 
stomach and sutured to its wall. A Pezzar catheter was inserted posterolater- 
ally through the ninth interspace for pleural drainage. The wound was closed 
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tightly. Blood transfusion was given in every case and was started at the be- 
ginning of the procedure. From 600 to 1,800 cc. were administered. The 
operations required from two to four hours. 


POSTOPERATIVE COURSE AND CARE 


All of the patients made an uneventful recovery and are still alive and en- 
joying a normal existence. Four of the cases received sulfonamides intra- 
venously and one (Case 5) was given penicillin intramuscularly. Small 
amounts of liquids were given per os on the fifth to the seventh day, follow- 
ing which the diet was gradually increased. By the tenth to the twelfth day 
each was taking a soft diet without difficulty. None complained of regurgita- 
tion, even at night. The pleural drainage catheter was removed on the fifth 


to the seventh day. 
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Fic. 1.—Diagram showing side-to-side esophagogastrostomy above 
the level of the benign stricture. 


CASE REPORTS 


Case 1.—P. V., a male, age 26, was admitted to the hospital, September 6, 1941, 
complaining of difficulty in swallowing which had begun approximately three years 
previously. Liquids as well as solid foods seemed to stick beneath the sternum, and he 
obtained relief only after most of the ingested food had been regurgitated. He had lost 
45 pounds of weight during the three-year period. Two years before admission a diag- 
nosis of a stricture of the lower esophagus was made, and repeated dilatations were 
performed, which would give him relief for one to two days. Antispasmodics afforded him 
very little benefit. No etiologic factor could be ascertained. Past history, family history 
and social history were not significant. 

Physical examination revealed a well-developed young man with obvious signs of 
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considerable weight loss. The blood pressure was 112/70. Detailed examination revealed 
no abnormal findings. 

Laboratory examinations showed white blood count 8,600; hemoglobin 12.8 Gm.; 
and red blood count 4,400,000. Wassermann and Kahn tests were negative. Urine was 
negative. Roentgenologic studies of the esophagus following the ingestion of barium 
revealed a stricture of the lower esophagus which began about two centimeters above 
the diaphragm (Fig. 2). 

The patient was very despondent and refused dilatations or any form of conserva- 
tive therapy. On September 9, 1941, a transthoracic esophagogastrostomy was per- 
formed. His recovery was uneventful, and he was discharged on the 13th postoperative 
day. Roentgenograms of the esophagus and 
stomach after the ingestion of barium made 
on the day of his discharge revealed a well- 
functioning esophagogastrostomy (Fig. 3). 

Within a few months he had regained 
all of his lost weight and was able to eat 
any food without experiencing any difficulty. 

Case 2.—S. S., age 40, was admitted to 
the clinics August 1, 1942. He complained 
of progressive difficulty in swallowing for 
seven years. Dilatation was first under- 
taken two years after the onset of dys- 
phagia and was repeated at irregular inter- 
vais, with only temporary relief until De- 
cember, 1941. At this time the obstruction 
became almost complete and dilatation was 
unsuccessful. A gastrostomy was _per- 
formed, through which he received all of 
his nourishment. Retrograde dilatations 
were attempted with the aid of a string in 
the esophagus but these were, likewise, 
unsuccessful. He had lost 47 pounds of 
weight and had become quite weak. 

About 1.5 years after the onset of the 
dysphagia, the skin on his hands, feet and 
face began to tighten and become atrophic. 
The condition became progressively worse, Fic, 2.—Case 1: Roentgenogram of the esopha- 


; é : gus and stomach following the ingestion of barium 
t 5 deve ne ' : x 
and he developed repeated ulcers on his showing 2 marked narrowing of the lower 


fingers which healed very slowly. Past esophagus. The stricture begins about 2 cm. above 
. < the diaphragm. 
history was irrelevant. 

Physical examination showed a fully developed, easily recognizable, generalized 
scleroderma, with the characteristically stiff and atrophic appearance of the face and 
the hands (Fig. 6). There was a large gastrostomy opening in the upper abdomen into 
which a large rubber tube was inserted. Considerable gastric juice leaked from around 
the tube and the skin on the upper abdomen was markedly excoriated. 

Laboratory Data: White blood count 6,850; hemoglobin 13.5 Gm.; red blood count 
3,870,000. Urine was negative, Wassermann and Kahn tests were negative. Blood 
chemical determinations were all within normal limits. B.M.R. was plus I. Roentgeno- 
logic examination of the esophagus revealed a smooth narrowing 2 to 3 cm. in length 
just above the phrenic ampulla (Fig. 4). The barium passed slowly through the stricture. 
A primary peristaltic wave began in the pharynx and progressed only a short distance 
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down the esophagus to the level of the sternal notch where it disappeared. A shallow 
contraction wave continued on down. This wave was not powerful enough nor deep 
enough to force a bolus ahead of it. No tertiary waves were seen. 

At esophagoscopy, the wall of the esophagus from the middle third downward 
was diffusely reddened and apparently thickened. In the lower third, a diffuse layer of 
white exudate was present which could be easily separated off, leaving a granulating 
base. At a distance of 40 cm. from the upper teeth a smooth scar tissue constriction 





Fic. 3.—Case 1: Roentgenogram of the esophagus and the 
stomach, 13 days after transthoracic esophagogastrostomy. The 
site of anastomosis is well shown. The proximal one-fourth of the 
stomach is in the thorax. Fluoroscopy revealed no obstruction. 


was present which did not admit the esophagoscope. There was superficial ulceration 
in and above the area of the stricture which became apparent when the layer of exudate 
was removed. A string was present in the esophagus. 

In view of the excellent results obtained in the first case it was decided to perform a 
similar procedure on this patient in spite of the severe changes due to the generalized 
scleroderma. On September 26, 1942, a transthoracic esophagogastrostomy was per- 
formed. A constriction was found approximately 2.5 cm. above the diaphragm. The 
wall of the esophagus above the narrowing was considerably thickened. He made an 
uneventful recovery. The gastrostomy was closed one month after the esophago- 
gastrostomy. 

Roentgenograms of the esophagus and stomach following the ingestion of barium 
two weeks postoperatively showed a well-functioning esophagogastrostomy, with no 
obstruction to the flow of barium (Fig. 5). The physiology of the esophagus was 
not changed. 


CoMMENT: Many patients with scleroderma develop benign strictures of 
the esophagus. Dilatation is difficult because these patients cannot open their 
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mouths more than one-half the normal width, protrusion of the tongue is 
limited, and the head cannot be placed satisfactorily because of tightness of 
the skin over the jaws and neck. 

Even though most of the patients with scleroderma and dysphagia show 
a marked disturbance in the physiology of the esophagus, transthoracic 
esophagogastrostomy certainly offers 
them a more comfortable life than a 
gastrostomy. The pathologic changes 
in the esophagus did not seem to im- 


pair healing. 


Case 3.—Mrs. L. L., age 35, was ad- 
mitted to the University Clinics October 4, 
1943. About 19 years previously she had 
ingested lye. Two months later she began 
to have dysphagia which gradually became 
worse until she had difficulty in swallowing 
even liquids. A diagnosis of a stricture of 
the lower end of the esophagus was made, 
and for eight months she was given weekly 
dilatations. For the next three years she 
got along well, after which time she again 
began to have marked difficulty in swallow- 
ing solid foods. During the succeeding eight 
years she required regular periods of dila- 
tation. As time went on she obtained less 
improvement from each dilatation. Seven 
years ago a gastrostomy was performed 
through which she received most of her 
nourishment. Since the onset of her dys- 
phagia, she has always been undernour- Fic. 4.—Case 2: Benign stricture of the 
_ = - esophagus just above the phrenic ampulla assp- 
ished and weak. Past history was not sig- ciated with generalized scleroderma. 
nificant. 





Physical examination revealed a very thin woman, who appeared chronically ill. 
A gastrostomy opening was present in the upper abdomen through which a large rubber 
tube protruded. The skin over the upper abdomen was excoriated. 

Laboratory studies were normal. 

Roentgenologic examination of the esophagus after the ingestion of barium demon- 
strated a high-grade stricture of the esophagus beginning about 11 cm. above the 
diaphragm and extending downward for a distance of approximately 7 cm. The 
esophagus above the stricture was somewhat dilated (Fig 7). 

On October 10, 1943, a transthoracic esophagogastrostomy was performed. The 
lower 8 cm. of the esophagus was firmer and thicker than normal, although the exact 
extent of the lesion was not distinct. 

The patient’s postoperative convalescence was uneventful. A roentgenologic study 
of the esophagus with barium at the time of her discharge showed a well-functioning 
anastomosis between the fundus of the stomach and the lower esophagus (Fig. 8). 

The gastrostomy was closed six weeks after the esophagogastrostomy. 
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Three months after the operation the patient was eating normally and had gained 
50 pounds. There was no apparent regurgitation of gastric contents into the esophagus. 

Case 4.—Mrs. M. B., age 60, was admitted to Albert Merritt Billings Hospital, 
May 6, 1944, complaining of difficulty in swallowing for a period of five months. The 
dysphagia was intermittent and began after an attack of influenza. Solid food caused 





Fic. 5.—Case 2: Roentgenogram of esophagus and stomach following the 
ingestion of barium, two weeks after transthoracic esophagogastrostomy. A 
wide anastomosis is shown. The proximal one-third of the stomach is above 
the diaphragm. 


her more discomfort than liquids. Food seemed to stick just beneath the lower sternum. 
She had some regurgitation, but at other times she would have the sensation of something 
releasing and her discomfort would disappear. Nervousness or emotional excitement 
made her condition worse. She had lost 23 pounds in weight and had become quite 
weak. Past history was irrelevant. 

Physical examination was negative except for the obvious evidence of recent 
weight loss. 

Laboratory data disclosed a white blood count of 7,900, with a normal differential ; 
hemoglobin 13.5 Gm.; red blood count, 4,270,000. The urine was negative. Plasma 
proteins were 6.38 Gm. per cent. Gastric analysis after the administration of histamine 
revealed free acid in all specimens. 
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Fic. 6.—Case 2: Photograph of hands and face showing 
the typical changes of advanced generalized scleroderma. 
Roentgenologic study of the esophagus 
end stomach after the ingestion of barium 
showed a marked narrowing of the lower 
esophagus which began just above the 
diaphragm. Under the influence of amyl 
nitrite the narrowed area dilated to 1 cm. 
A filling defect was observed in the cardia 
of the stomach, and was interpreted as a 
possible malignancy of the stomach (Fig. 
9). 
On May 10, 1944, the proximal portion 
of the stomach and the lower esophagus 
was explored through a transthoracic ap- 
proach. The filling defect observed at 
fluoroscopy was found to be caused by 
redundant mucosa. An _ esophagogastros- 
tomy was performed, connecting the fundus 
of the stomach to the lower esophagus, 
m. The patient made an uneventful post- 
ng operative recovery, and was completely re- 
ent lieved of her dysphagia. Roentgenograms, 
ite taken June 5, 1944, revealed a well-func- 
tioning esophagogastrostomy. 
ant Fic. 6B 
ComMENT: Dilatation was not attempted on this patient because of the 
: possibility of malignancy being present. The transthoracic approach was 
“" used because it afforded better exposure to the portion of the stomach sus- 
pected of having malignant involvement, and it offered a better means of 
dealing with direct extension into the lower esophagus. 
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This patient received digitalis preoperatively. Patients in the upper age- 
group tolerate such surgery much better if they have been digitalized. No 
adverse reactions have been observed. 

Case 5.—J. B., male, age 38, was first seen at the University of Chicago Clinics 


June 16, 1944. Eight weeks before this date he suddenly began to have difficulty in 
swallowing solid foods. This difficulty gradually progressed and for two weeks prior 





Fic. 7.—Case 3: Shows a long cicatricial stricture of the lower esopha- 
gus following corrosion from swallowing lye. The obstruction is almost 
complete. 


to admission he was unable to swallow even liquids. The ingested food seemed to stick 
beneath the lower sternum, and then it would be regurgitated. He had lost 28 pounds 
of weight. Past history revealed that he had swallowed a fish bone ten years ago which 
caused some dysphagia for about two weeks. 

Physical examination showed nothing remarkable except for the obvious signs of 
recent weight loss and dehydration. 

Laboratory data showed a white blood count 6,050; hemoglobin 12.5 Gm.; red 
blood count 3,790,000. Urine negative. Wassermann and Kahn negative. Roentgeno- 
logic. examination of the esophagus after the ingestion of barium showed an obstruction 
at the junction of the middle and lower thirds of the esophagus. The obstructing lesion 
was about 0.5 cm. in length (Fig. 10). 
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Fic. 8.—Case 3: Roentgenogram of the esophagus and 
stomach after the ingestion of barium, two and one-half weeks 
after transthoracic esophagogastrostomy. There is a well-function- 
ing anastomosis and no obstruction to the flow of barium. 





Fic. 9.—Case 4: Roentgenogram of lower Fic. 10.—Case 5: Roentgenogram of lower 
esophagus and upper stomach after ingestion of esophagus after the ingestion of barium showing 
barium showing a marked narrowing of the lower narrow stricture 8 cm. above diaphragm. Obstruc- 
esophagus which begins just above the diaphragm. tion is almost complete. 

Obstruction is not complete. Irregularity along 
the fundus was interpreted as possibly due to a 


carcinoma of the stomach. 
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The patient was esophagoscoped three times within eight days. A stenosis was 
observed approximately 8 cm. above the diaphragm. The esophagoscope could easily 
be passed through the stenosed area, but when it was withdrawn the cicatricial region 
would snap closed. A No. 20 dilator was passed at the time of each esophagoscopy, 
Two biopsies removed from the region of the stricture showed chronic inflammation. 
The patient’s dysphagia was not relieved by the dilatations, and he had to be given 
parenteral fluids daily. 

On June 16, 1944, a transthoracic esophagogastrostomy was performed. There was 
considerable reaction in the mediastinum about the area of stenosis. The lower limit 





__ Fic. 11.—Case 5: X-ray eleven days after transthoracic esophagogastrostomy. <A 
wide, well-functioning anastomosis is seen. The esophagus below the stricture is visual- 
ized. The proximal one-half of the stomach is in the thorax. 


of the anastomosis was made in the stricture. Biopsy obtained from the involved area 
at the time of operation showed chronic inflammation. 

The patient made an uneventful recovery. Roentgenographic study of the esophagus 
and stomach, which was made on the day of his discharge, showed a well-functioning 
esophagogastrostomy. Since the stricture was relieved by the operation, the barium 
flowed readily through the lower esophagus (Fig. 11). 


ComMMENT: In some cases, even after repeated esophagoscopies and 
roentgenologic studies, it is difficult to distinguish a benign lesion from a 
stricture caused by a neoplasm. In such cases the stenosed area should 
be opened and a biopsy obtained. 
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SUMMARY 
1. Five cases of transthoracic esophagogastrostomy for benign stricture of 
the lower esophagus are reported. There were no deaths. 
2. In selected cases of benign stricture of the lower esophagus, trans- 
thoracic esophagogastrostomy offers the patient complete relief of symptoms 
without the necessity for repeated dilatations or the unpleasantness of a 


gastrostomy. 

3. The technic of the operation is discussed. 
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THE USE OF PENICILLIN IN THE TREATMENT OF ACUTE 
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ACUTE HEMATOGENOUS OSTEOMYELITIS is caused, in most cases, by 
hemolytic Staphylococcus aureus or albus, or hemolytic Streptococcus organ- 
isms. Most of the patients are children and, hence, the bones that are involved 
are growing. 

Cases of acute hematogenous osteomyelitis should be divided into age- 
groups for purposes of discussion or statistical analyses: (1) Under three 
years of age. (2) Ages three to 14 years. (3) Fourteen to 20 years. (4) 
Adults. 

In very young children the infecting organism is more often the strep- 
tococcus. The initial infection may be in the nose, throat, middle ear, vac- 
cination wound, or in the umbilicus of a newborn infant. This organism 
does not produce as extensive destruction of bone as does the staphylococcus. 
Furthermore, the bones of infants repair quickly and persistent drainage or 
extensive sequestration is less common than in older patients. 

Hematogenous osteomyelitis in children, age three years to puberty, is 
secondary in most cases to some small area of infection in the skin, such 
as afuruncle. Bacteriemia or septicemia may result and lead to localization in 
one or many bones. When bacteriemia becomes septicemia abscesses may 
occur in various organs of the body as well as in the osseous tissues. The 
prognosis for recovery without the development of chronic osteomyelitis is 
not as favorable in the child over three years of age as it is in the infant 
patient. 

The treatment of acute osteomyelitis by means of various sulfonamide 
compounds has been of proved value. However, some patients have been 
found sensitive to the sulfonamides and in others the infecting organism 
was sulfa-resistant. Many patients so treated, with apparent success, subse- 
quently developed sinuses and required surgery for the removal of sequestra 
or partial ostectomy for drainage of bone abscesses. Although the value of 
penicillin in the treatment of infections of bones following compound frac- 
tures, paranasal sinus suppuration, and in chronic osteomyelitis has been 
fairly well-established, few case reports of its use in acute hematogenous 
osteomyelitis have been made. 

In each of the 12 cases which we are reporting, the acute infection was 
controlled by the use of penicillin, or a combination of penicillin and sulfona- 
In none of the 12 cases was surgery resorted to during the acute 


954 


mides. 





a 


by 
n- 


re 


coer PENICILLIN IN ACUTE OSTEOMYELITIS 


illness after beginning penicillin therapy. Two of the 12 patients had been 
subjected to surgery prior to the administration of penicillin, and three were 
subsequently operated upon: one for the removal of a small sequestrum, 
a second, for removal of a sequestrum and later drainage of a small abscess, 
and a third, for the drainage of an abscess. These operations were performed 
months after the acute illness. All of the patients have been under observa- 
tion for a period of five months or longer. Of the 12 patients included in 
this study, the youngest was just over three years of age and the oldest were 
two patients 12 years of age. 

The focal infections included four femora, three tibiae, one humerus, one 
ischium, one cuneiform bone of the foot, one patella and femur, and one 
calvarium. In the latter case, however, the patient had been treated 15 
months before for acute, hematogenous osteomyelitis of the left femur by 
means of sulfathiazole. In spite of this treatment, which was combined with 
surgery for drainage, several new foci appeared during the succeeding 12 
months. ‘The osteomyelitis of the skull, which represented a new focus, was 
successfully treated with penicillin, after obtaining a blood culture which was 
positive for hemolytic Staphylococcus aureus. The acute lesion in the skull 
healed without requiring surgical drainage. No new lesions which produced 
clinical symptoms appeared from October, 1943, to July 25, 1944, at which 
time the child was examined and found to be entirely well. The 12 cases 
which make up this report represent all of the acute hematogenous osteomye- 
litis patients which were admitted to our service, or seen by us in consulta- 
tion, at the Children’s Memorial Hospital,* in Chicago, between July, 1943, 
and March 1, 1945. 

CASE REPORTS 

Case 1.—Acute Osteomyelitis of Skull with Meningitis. 

R. C., born April 2, 1937, white, male, entered Children’s Memorial Hospital, July 
9, 1942, acutely ill and complaining of pain in the left leg. A diagnosis of acute osteo- 
myelitis of the left femur was made and treatment with sulfathiazole was started. July 
16th, the abscess was drained and a hip spica was applied. Between July 16th and 
August 19th, 1943, the patient had new foci develop in the left ulna, right sacrum, and 
left humerus. 

On October 18th, he complained of a severe headache, dizziness and vomiting. 
When he was examined at the Children’s Memorial Hospital two days later he was 
found to be acutely ill, with a red pharynx, a markedly rigid neck, and a red tender 
area over the frontal bone. The spinal fluid was cloudy, the Pandy test was three 
plus, there were 4,000 cells, chiefly polymorphonuclear leukocytes, in each cubic centi- 
meter, and gram-positive organisms. Roentgenograms showed osteomyelitis of the 
left frontal region of the skull. Both the blood culture and spinal fluid culture were 
positive for hemolytic Staphylococcus aureus organisms, 

Twenty-five thousand units of penicillin in 500 cc. of normal saline solution were 
given intravenously at the rate of 15 drops per minute throughout the first day. 
Penicillin was then administered intramuscularly every three hours. Recovery was 
uneventful and healing complete. 











*We are indebted to both the Medical and Surgical Services of the Children’s 
Memorial Hospital and especially to Dr. Stanley Gibson, Chief of Staff, for the privilege 
of observing patients under their care and of following the course of the disease. 
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The patient was last seen on November 28, 1944. The lesions had remained healed, 
and there have been no recurrences. 

A total of 500,000 units of penicillin was used in the treatment of this case. 

Case 2.—Acute Osteomyelitis of the Right Femur. 

R. G., born December 23, 1940, white, male, entered Children’s Memorial Hospital 
December 21, 1943. Following an upper respiratory infection he had begun complaining 
of pain in the right arm, right chest, and subsequently the right thigh and leg. Physical 
examination revealed a slender, well-deveioped child, who was not acutely ill. Minimal 
swelling and redness were present in the right thigh. There was limitation of internal 
and external rotation of the hip. Blood culture was positive for Staphylococcus aureus, 
Roentgenograms confirmed the impression of osteomyelitis of the femur (Fig. 1). Sulfa- 
thiazole grains 7.7 every four hours was started. On December 27th, the temperature 
was still high and swelling in the right thigh had increased. Sulfathiazole was discon- 
tinued and penicillin was started (Fig. 2). There was a good response to this treatment. 
However, the destruction of bone made it advisable to protect the femur and, on 
January 22, 1944, a hip spica plaster encasement was applied. On January 12, 1945, 
nearly a year after the acute illness, a small sequestrum was removed. Prompt healing 
followed. March 31, 1945, a small fluctuant area in the scar was incised and a moderate 
amount of purulent material was expressed. The general health and physical condition 
of this patient is now satisfactory, and the local lesion has remained healed. 

A total of 495,000 units of penicillin was used in the treatment of this case. 

Case 3.—Acute Osteomyelitis of the Right Humerus. 

D. D., born April 8, 1932, white, male, became ill on May 7, 1944. On the following 
day he complained of pain in his shoulder, During the next few days he became pro- 
gressively more septic, with restlessness, and at times delusions. 

He was.seen at Children’s Memorial Hospital on May 12th, and was found to have 
a swollen, painful right shoulder. The blood culture was positive for Staphylococcus 
aureus. Sulfathiazole, grains 7.7, every four hours was administered for two days. On 
the seventh day of the illness penicillin, 10,000 units intramuscularly every three hours, 
was started and four days later the dose was increased to 25,000 units every four 
hours. An encasement to splint the arm was applied on June Ist (20th hospital day) 
(Figs. 3 and 4). 

The patient was last seen on April 5, 1945. There were no sinuses or deformities 
of the arm, and function was normal in every respect. 

A total of 2,310,000 units of penicillin was used in the treatment of this case. 

Case 4.—Acute Osteomyelitis of the Right Femur. 

J. T., born September 20, 1932, white, male, entered Children’s Memorial Hospital 
on May 24, 1944. May 10th he had developed pain in both his legs and his ankles had 
become swollen and painful. On May 31st, swelling and tenderness were marked over 
the distal third of the right femur. Roentgenograms showed a destructive process just 
proximal to the distal right femoral epiphysis. Swelling and tenderness persisted and 
the knee became held in 90 degrees of flexion. Twenty thousand units of penicillin were 
administered intramuscularly every four hours. Clinical improvement was rapid. 

A total of 840,000 units of penicillin was used in the treatment of this case. Recov- 
ery was complete. 

Case 5.—Acute Osteomyelitis of the Right Upper Femoral Metaphysis. 

A. M., born September 9, 1933, white, female, entered Children’s Memorial Hospital, 
July 4, 1944, with the complaint of severe pain in the right hip on weight-bearing. There 
was swelling of the right hip region, inability to rotate the hip, and tenderness pos- 
teriorly over the trochanter and the inguinal region. A sulfonamide drug had been 
administered by the family physician for three days prior to coming to the hospital. 
Blood culture showed no growth. Roentgenograms showed very slight bone destruction 
in the region of the greater trochanter (Fig. 5). The right leg was placed in Buck’s 
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traction, and 100,000 units of penicillin per day were given. Recovery was uneventful 
(Fig. 6). 

A total of 1,360,000 units of penicillin was used in the treatment of this case, 

Case 6.—Acute Osteomyelitis of the Right Ischium. 

D. M., born January 2, 1934, white, male. A furuncle was noted on the medial 
aspect of the left knee July 6, 1944. On July 1oth he began to limp, the temperature was 
103° F., and the following day 105° F. A physicnan prescribed a sulfonamide drug. 
There was no improvement, and July 20th he was brought to the Children’s Memorial 
Hospital. Roentgenograms revealed osteomyelitic involvement of the right ischial bone 
(Fig. 7). Blood culture showed nonhemolytic Staphylococcus. Bone destruction con- 
tinued (Fig. 8). Five doses, 20,000 units each, of penicillin were given intramusculary 
every 24 hours. 
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A. 17th day after admission. B. 30th day after admission, 
Fic. ‘'1.—Case 2: R. G.: Roentgenograms showing the extensive destruction of the shaft 
of the femur. 

An examination two months after discharge from the hospital showed the patient 
to be clinically normal. 

A total of 1,020,000 units of penicillin was used in the treatment of this case. 

Case 7—Acute Osteomyelitis of the Left Femur. 

LeR. B., born July 23, 1933, white, male, entered Children’s Memorial Hospital, 
July 31, 1944, with the complaint of pain in his left thigh for five days. He had been 
unable to walk for four days and the evening temperature was high. Sulfathiazole was 
given for one day only. Penicillin was started, 12,500 units every three hours, and 
the recovery was rapid. On August 11, 1944, the penicillin was reduced to 6,000 units 
every three hours and was stopped on August 15, 1944. Changes in the architecture of 
the femur were minimal as shown in the roentgenograms. A small abscess developed 
four months later, in December, 1944, and this was operated upon January 15, 10945. 
Staphylococcus aureus was obtained in the culture of the abscess material. The wound 
healed promptly after the operation. The last examination was on April 5, 1945. The 
patient was then clinically well. 

A total of 1,425,000 units of penicillin was used in the treatment of this case 
during the acute attack. 
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Case 8—Acute Osteomyelitis of the Right Tibia. 

W. S., born May 24, 1937, entered Children’s Memorial Hospital on August 209, 
1944. August 23rd a large boil on the left elbow had been lanced by the family 
physician. The right foot became very painful four days later, and he was not able 
to walk on it. His temperature was 102° F. He was given sulfonamides for two days, 
but the pain localized just above the ankle and he was admitted to Children’s Memoria] 
Hospital for treatment. Physical examination revealed a tender, red swelling in the 
distal third of the right leg. One hundred thousand units of penicillin were given 
intramuscularly every 24 hours for four days. Improvement was immediate and the 
penicillin was reduced to 80,000 units every 24 hours for the next six days, then 60,000 
units every 24 hours for three days. Recovery was complete. 

A total of 960,000 units of penicillin was used in the treatment of this case. 
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Fic. 2.—Case 2, R. G. Chart showing response to penicillin 
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PENICILLIN 
Fic. 3.—Case 3, D. D.: Chart of temperature (heavy line—rectal 
temperature) W. B. C., and penicillin (total units given per day). 


Case 9.—Acute Osteomyelitis of the Tarsal Bones of the Right Foot. 

M. G., born October 18, 1936, white, female, complained October 12, 1944, of pain 
in the right foot upon weight-bearing. October 18, 1944, she developed a septic tem- 
perature. Sulfathiazole was begun and continued until admission to Children’s Memorial 
Hospital. October 23rd there was a fluctuating mass, and the abscess was opened. 

She was transferred to Children’s Memorial Hospital December 5, 1044. The 
right foot was red, swollen, and there were four or five draining sinuses. Her rectal 
temperature on admission was 100.4° F. Penicillin, 12,500 units intramuscularly every 
three hours, was started December 6th and continued for 17 days. Sulfathiazole, which 
had been stopped upon admission, was started again December 7th and continued for 
16 days. Culture of the draining sinus and blood culture were positive for Staphylococcus 
hemolyticus aureus. 

The clinical course was satisfactory. A sequestrectomy of the first cuneiform bone 
of the right foot was performed January 13, 1945, and the wound healed promptly. 

When examined March 8, 1945, the wound was closed, and recovery was complete. 

During the course of this disease the patient received approximately 141 Gm. of 
sulfathiazole before and 48 Gm. after her admission to Children’s Memorial Hospital. 

Case 10.—Acute Osteomyelitis of the Left Lower Tibia. 

F. W., born June 10, 1940, white, male, complained of pain, and redness and swelling 
of the left ankle and foot were noted November 13, 1944. Sulfadiazine, 1 Gm. three 
times a day, was administered for one week. He was admitted to Children’s Memorial 
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Hospital November 18. There was swelling, 
pain, and increased heat extending distally 
from the midtibia to the ankle and the dorsum 
of the foot. Blood culture showed no growth. 
A diagnosis of osteomyelitis of the left lower 
tibia was made. Penicillin, 100,000 units per 
day intramuscularly at three-hour intervals, 
was started and continued for ten days. On 
the third hospital day he received 3 Gm. of 
sulfathiazole. On the sixth hospital day he 
received a 150 cc. whole blood transfusion. 
Clinical improvement was satisfactory and on 
the 11th hospital day the dosage of penicillin 
was reduced to 10,000 units intramuscularly 
every four hours. 

He was discharged on the 26th hospital day. 
The tenderness and swelling had disappeared. 
Motion and function of the ankle joint were 





normal. 
The total amount of penicillin administered 


was 1,480,000 units. oe, 
Case 11.—Acute Ostcomyelitis of the Left _ Bae as 
s ; Fic. 4.—Case 3, D. D.: his roentgeno- 
Patella and Distal End of Femur. gram of 5 a ae. i, ek eat a cot hee 
R. F., born March 15, 1930, white, male,  Pitalization, shows the extent of the destruc- 


: s é ; tive process and the amount of involucrum 
was admitted to Children’s Memorial Hos- formed. 











pital January 17, 1945. His left knee was yx 

swollen, red, hot and tender. There was PAV AAA 

superficial venous engorgement over the thigh, yen 

and thickening over the metaphysis of the oe 

femur. Effusion into the knee joint was 

present. There was exquisite tenderness over - a >| | 
the patella. Blood culture was not obtained. < > 
Sulfathiazole, 3 Gm. per day, was started SULFANERAZINE| PENICILLIN | 
pon admission, and on the first hospital day p,, ee ees ee ee 
15,000 units of penicillin every four hours course and treatment. 


was started. Sulfathiazole was discontinued 
on the 15th hospital day; penicillin was reduced on the tenth hospital day to 50,000 units 
intramuscularly each 24 hours, and wes discontinued on the 16th hospital day. 

He was last examined on April 12, 1045, and at that time was considered to be fully 
recovered. 

This patient received 45 Gm. of sulfathiazole in 15 days and, concurrently, 1,300,000 
units of penicillin. 

Case 12.—.Acute Osteomyelitis of the Left Tibia. 

A. K., born January 14, 1934, white, male, complained of pain in the left ankle 
March 2, 1945, and his temperature was 105° F. He was admitted to Children’s 
Memorial Hospital, March 3, 1945, and a diagnosis of osteomyelitis was made, although 
roentgenographic changes in the bone were still indefinite. One hundred thousand units 
of penicillin were administered intramuscularly each day in doses of 12,500 units every 
three hours for 11 days. He was discharged on the 13th hospital day. 

When examined on April 12, 1945, he was entirely well. 


The prognosis in the treatment of acute hematogenous osteomyelitis in 
childhood, as indicated by reports of various observers, was most discour- 
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aging prior to the development of chemical agents to which the organisms 
producing this disease have proved to be susceptible. Too frequently surgery 
was resorted to without first preparing the patient by a program of rest, 
blood transfusions, and correction of the body fluid balance. Extensive 
surgical procedures were occasionally recommended and instituted when the 
patient was critically ill, and these no doubt increased the mortality rate. 
Dickson! states that the average mortality “as nearly as can be determined in 





Fic. 6.—Case 4, J. T.: Roentgenogram of the femur made 
27 days after admission to Children’s Memorial Hospital. 


the usual type of the disease is somewhere around 10 to 15 per cent. The 
mortality in the septicemic type is well over 50 per cent; perhaps higher.” 
The results of penicillin therapy in a few reported cases,” ** and in this 
series of 12 consecutive cases of acute hematogenous osteomyelitis have in-’ 
cluded no deaths ; no extensive areas of chronic osteomyelitis ; and no instance 
of multiple foci in the bones after such treatment had been started. Three 
of these patients were critically ill, and in five of the patients (Cases 1, 2, 3, 
6 and 9) blood cultures were positive for Staphylococcus aureus. Hemolytic 
Staphylococcus aureus was also cultured from the spinal fluid of Case 1. 
Negative blood culture in other cases may be attributed, in part, to the length 
of the elapsed time between onset and admission to Children’s Memorial 
Hospital, and, in part, to sulfonamides which had already been administered. 
The question of whether or not initial drainage should be carried out in 
each case of acute hematogenous osteomyelitis is still a controversial issue. 
Dickson! favors early drainage of the osseous focus except in the fulminating 
type. Wilson and McKeever,” as well as Dickson, reported that patients 
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treated with the sulfonamides without initial drainage frequently had more 
bone destruction and required greater surgical interference later than did 
those cases in which surgical drainage was instituted during the acute stage 
of the disease. The response to penicillin therapy in the short series of 
cases which we are reporting encourages us in the opinion that penicillin 
will prove to be a more effective chemotherapeutic agent for this disease than 
were the sulfonamides. 

In the short series of cases reported here, sulfonamides had proved to be 





Fic. 7.—Case 6, D. M.: Roentgenogram of July 27, 1944. (17th day of 
illness). 


of little value in those cases in which 
they were employed before penicillin 
was started. Almost immediate re- 
sponse to penicillin therapy was noted — 100 
in the rapid lowering of the tempera- qv 

ture of the acutely ill patients. The onan. 

failure of the disease to spread to other um, -— 

bones or other organs in any of our PenKnun 

patients, encourages us to hope that 1f 5,, ¢ case 6. D. M.: The above chart is the 
penicillin could be started immediately hospital summary of this case. 





after the onset of the acute illness, abscess formation, spread of infection in the 
bone that is involved, or devitalization of bone and the formation of sequestra 
may become relatively uncommon sequelae of acute osteomyelitis in children. 
Late surgery, which has been necessary for the removal of sequestra or the 
drainage of bone abscesses, may be rarely necessary. Since the bacterial 
organisms which produce more than 95 per cent of the cases of acute hema- 
togenous osteomyelitis in children are susceptible to penicillin, while some of 
them are resistant to the sulfonamides, the use of penicillin should be a must 
when this disease is diagnosed. 
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CONCLUSIONS 

1. Twelve cases of acute hematogenous osteomyelitis in children, age 
three to 12 years, have been studied and reported. 

2. Penicillin was employed successfully in the treatment of each of the 
12 patients. 

3. The infection in ten of the patients treated successfully by penicillin 
had proved to be resistant to the sulfonamides. 

4. Surgery was necessary in four of the 12 patients: in one, for the 
removal of a small sequestrum, and in three, for the drainage of an abscess 
after the acute infection had subsided. 

5. Penicillin appears to be a more effective agent in the treatment of acute 
hematogenous osteomyelitis than has any other therapeutic agent, including 
the sulfonamides. 

6. Early use of penicillin in adequate doses administered at frequent 
intervals may not only cure the initial infection but prevent spread to other 
bones and in a majority of cases make surgery unnecessary. 

7. If the penicillin is not started until after a bone has been extensively 
damaged, with necrosis of segments of cortex, central destruction of bone, 
and cavity formation, late surgery may become necessary. 

8. From our experience in this short series of cases, we hazard the sug- 
gestion that in children, age three to 12 years, acute hematogenous osteo- 
myelitis may be effectively treated if penicillin is administered intramuscularly 
in doses of 15,000 to 20,000 units each every three hours day and night. After 
the temperature begins to subside, the size of each dose may be reduced to 
10,000 units, but the frequency of dosage must be maintained. When the 
patient becomes afebrile the dosage may be reduced gradually and discon- 
tinued after five days of normal temperature. Recurrences may occur if 
penicillin is stopped too soon. In several cases, there was a small, secondary 
temperature rise after stopping the penicillin. 

g. While making use of a remarkable chemotherapeutic agent such as 
penicillin, we must not neglect to use well-established principles of medical 
care, such as the maintenance of the fluid balance of the body through the 
administration of normal salt solution, glucose, plasma or blood. Splints, 
plaster encasements or traction should be used when they are needed for sup- 
porting the diseased bone or to prevent contractures. 

REFERENCES 
1 Dickson, Frank D.: The Clinical Diagnosis, Prognosis and Treatment of Acute 


Hematogenous Osteomyelitis. J. A. M. A., 127, 212-216, January 27, 1945. 
2 Feierabend, F. L.: Staphylococcus Osteomyelitis: A Case Report. J. Kansas Med, 


Soc., 45, 200, June, 1944. 

3 Herrell, W. E., and Nichols, D. R., and Heilman, D. H.: Penicillin, Its Usefulness, 
Limitations, Diffusion and Detection: With Analysis of 150 Cases in which it was 
Employed. J. A. M. A., 125, 1003, August 12, 1944. 

4 Riddell, T.: Penicillin in Acute Osteomyelitis: Report of a Case. Nebraska Med. J., 
29, 284, September, 1944. 

5 Wilson, J. C., and McKeever, F. M.: Hematogenous Acute Osteomyelitis in Children. 
J. Bone & Joint Surg., 18, 328-332, April, 1936. 


962 





urgery 
1945 


age 
the 
lin 


the 
cess 


ute 


ling 


1ent 
ther 


vely 
one, 


ug 
teo- 
arly 
fter 
| to 
the 


r if 


cute 
Led, 


1€Ss, 
was 


ren. 


BLOOD IODINE STUDIES* 


Vll. THE RELATION OF THE BASAL METABOLIC RATE TO THE BLOOD 1LODINE 
IN THYROID DISEASE 
GrorGcE M. Curtis, M.D., anp M. Breen Fertman, M.D. 
Cotumsus, On1I0 


FROM THE DEPARTMENT OF RESEARCH SURGERY OF THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO. 


VARIOUS PATHOLOGIC PROCESSES, as well as changing physiologic states, 
produce deviations in the metabolism of the human body. These are reflected 
in the basal metabolic rate. Most important in this regard are the various 
diseases of the thyroid gland, an organ which plays an important, if not a 
dominant, rdle in setting the pace at which the body’s myriad cells function. 
It is common clinical knowledge that the basal metabolic rate is decreased 
with diminution of thyroid activity, falling as low as minus 40 per cent in 
patients with total myxedema. Plummer and Boothby? found that the daily 
rate of thyroxine decay ranges between 0.2 and 0.4 mg. Thus, a therapeutic 
daily dose of from 0.3 to 0.4 mg. of thyroxine is necessary to maintain a 
normal basal metabolic rate in wholly myxedematous patients at bed rest.” 


THE BASAL METABOLIC RATE IN THYROID DISEASE 


The basal metabolic rate varies with the type of goiter. Boothby® found 
the average basal metabolic rate in 254 patients with nontoxic goiter to be 
plus 2 per cent. The distribution of basal metabolic rates in 1,111 patients 
with nodular goiter, without hyperthyroidism, was similar to that found in 
normal individuals.* On the other hand, the average basal metabolic rate was 
plus 30 per cent in 366 patients with toxic nodular goiter,’ and exceeded plus 
20 per cent in 93 per cent of 2,569 patients with exophthalmic goiter. The 
average basal metabolic rates which we have obtained in similar but 
smaller groups agree well with those of Boothby (Table I). In all patients 
having goiter with hyperthyroidism, the rates are significantly elevated, 
along with the whole blood iodine. Although less increased, the basal 
metabolic rate in patients with nontoxic nodular goiter is nevertheless sig- 
nificantly higher than normal. In all goitrous conditions studied, as well 
as in thyroid malignancy, the variation in basal metabolic rates among patients 
exceeds that among normal persons. 

In Table II is shown a comparison of the distribution of the basal 
metabolic rates in four different thyroid diseases with that in normal indi- 
viduals. As in a similar study of the blood iodine distribution,® arbitrary 
limits are chosen on the basis of the standard deviation for normal persons. 
The distribution of values in the normal 1 s.d.* and 2 s.d. limits varies con- 
siderably and thus accounts, at least in part, for the differences found in the 











* Aided by a grant from the Comly Fund for Research of the Ohio State University. 
*1 s.d. = one times the standard deviation, etc. 
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average basal metabolic rate of each group. The deviation from normal is 
most marked in patients with hyperthyroidism (toxic nodular and exophthal- 
mic goiter) in which almost go per cent of all values exceed the normal plus 
2 s.d. limit, plus 11 per cent, and no values are below the minus 1 s.d. limit, 


minus 13 per cent. 
TABLE I 


AVERAGE BASAL METABOLIC RATE AND WHOLE BLOOD IODINE CONCENTRATION IN VARIOUS THYROID DISEASES 


(+ — the Standard Error) 


Basal Metabolic Rate Blood Iodinet 
(Micrograms % 
Mean + — Mean + — 
Clinical Condition No. Standard Error No. Standard Error 
SN ENENONIN Sain ici bin im piss o<.5 45 4 = © poniegcaiota 3s 77 —16+1* 66 3.6+0.1 
0 BREF ae . 46 — 5+1 39 4.2+0.2 
Nontoxic diffuse colloid goiter.................... 14 — 742 9 4.4+0.3 
Nontoxic nodular goiter.......... Ce ee ney + 1+1T 44 3.9+0.2 
Toxic diffuse colloid goiter.............. Pancreas 6 +26+9t 3 6.4+0.7T 
Tome mimed poiter........0.0.000 0054.5 are. 4 +2645T 4 7.2+41.1f 
Tome nodular goiter. .... ... 60... Bi Gacwins terse +28+2T 29 7.940. 8f 
SSS ae er a +3943 41 9.3+0.6t 
Carcinoma of the thyroid............ LOR ia 11 +16+5* 9 4.8+0.7 
3 —12+45 3 5.2+0.9 


Ee ee ee a ea eee 
* Significantly different from the normal average. 
+ Highly significantly different from the normal average. 


t Chromium-trioxide method of blood iodine determination.® 
TABLE II 
PERCENTAGE DISTRIBUTION OF THE BASAL METABOLIC RATES IN THE NORMAL 1 S.D. AND 2 S.D. LIMIIS 
(Normal Average Fasal Metabolic Rate + — the Standard Deviation = —524+8%) 
Percentage Distribution of Basal Metabolic Rates 
Below —2s.d. —1s.d. Average +1is.d. Above 
Range of —2s.d. to —1s.d. toAver. to+1¢.d. to +2s.d. +2 .d. 
Clinical Values (Below (—21 to (—13 to (—5to (+3to (Above 
Condition No. (%) —21%) —13%) —5%) +3%) +11%) +11%) 
Hypothyroidism...... 77. —37to +1 23% 46% 21% 10% 0% 0% 
Notmal.............. 46 —19to +21 0% 11% 39% 39% 4% 1% 
Nontoxic nodular 4) pr, 
ee ere 72 —23to +35 1% 4% 26% 28% 20% 21% 
Toxic nodular goiter.. 54 —17to +69 0% 1% 0% 6% 6% 87% 
Exophthalmic goiter.. 73 —9to +100 0% 0% 1% 4% 8% 87% 


An opposite tendency is found in hypothyroidism, with nearly 70 per 
cent of all basal metabolic rates below the 1 s.d. range and none above. In 
nontoxic nodular goiter the distribution shows a beginning shift toward 
higher values, with as many as 41 per cent of the basal metabolic rates above 
the plus 1 s.d. limit and half of these above the plus 2 s.d. limit. A com- 
parison of the distribution of the basal metabolic rates with that of the whole 
blood in thyroid disease shows that the basal metabolic rate alone more 
frequently indicates the presence of thyroid disease than does the unfrac- 
tionated whole blood iodine (Table III). 

The similarity in distribution of basal metabolic rates within the described 
limits in toxic nodular goiter and in exophthalmic goiter is misleading without 
a consideration of the values exceeding the normal plus 2 s.d. limit. Such 
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values are higher in exophthalmic goiter than in toxic nodular goiter, attain- 
ing a maximum in the groups considered here of plus 100 per cent in exoph- 
thalmic goiter and of plus 67 per cent in toxic nodular goiter (Table II). This 
accounts for the significant difference in the average basal metabolic rates in 
exophthalmic goiter, plus 39 per cent, and in toxic nodular goiter, plus 28 per 
cent. A corresponding significant difference could not be demonstrated in 


TABLE III 


A COMPARISON OF THE DISTRIBUTION OF BASAL METABOLIC RATES AND WHOLE BLOOD IODINE VALUES IN THE 
NORMAL 1 S.D. AND 2 S.D. LIMITS 


Within Within 
the the 
Below 1 s.d. 2 s.d. Above 
Clinical Condition —2 s.d. Limits Limits +2 s.d. 
Hypothyroidism: 

Whole blood iodine.............0ceceeeeeccesceeeeece 5% 70% 93% 2% 
WPagal MELADONC TALE. 6.5.5 a c.cicesccsess. caseoscesoves 23% 31% 771% 0% 
Normal: 

DIO OOG TORINO 55.6.5 6.55.6.6:0500500 st crccecdesesbceeee 0% 68% 97% 3% 

ERIE ILOLAIMOTIC TEUD s 6:5 6:6, 5. 5.050 61e 05 0010 6150 ogee e's 60's ble 0% 68% 93% 7% 
Nontoxic nodular goiter: 

UMN ROU CMRIE so. 55 0:6:655 ise vnsiceccccencecccaceese 1% 66% 92% 7% 

SUR EUR MIIEN SURGE. 6.55055 65 0560.60 bases reese at eeeens 1% 54% 78% 21% 
Toxic nodular goiter: 

UENO BOGIES 5 5oiscon a sce cececcccvscescecoeses 0% 34% 55% 45% 

EIEN PD 53, coo ha Ge vies ceeesideessewes oe 0% 6% 13% 87% 
Exophthalmic goiter: 

a 0% 20% 37% 63% 

SNM SICCRONI PALO Ss 0.0.6 65 osic de oss os scouscscseesaces 0% 5% 13% 87% 


the average unfractionated whole blood iodine values of these groups, 9.3 
and 7.9 micrograms per cent, respectively® (Table I). More data, especially 
on fractionated blood iodine, might reveal a significant difference. 

Werner‘ attributes the relatively lower basal metabolic rate found in 
nodular goiter to a slower and more gradual onset of the hyperthyroidism 
than in exophthalmic goiter. Whether this difference between the basal 
metabolic rates in these two forms of goiter with hyperthyroidism is actually 
due to a difference in the rapidity with which toxic symptoms become manifest 
or to other factors inherent in these diseases, we shall not discuss at this time. 
Our own studies also indicate that the onset of hyperthyroid symptoms is 
slower in nodular than in exophthalmic goiter. Hyperthyroid symptoms suf- 
ficiently severe to bring the patient to a physician took an average of 3.2 
years to develop in our group of patients with toxic nodular goiter, and 1.4 
years, or about half that time, in those with exophthalmic goiter. 

In four patients with toxic mixed goiter and in six with toxic diffuse 
colloid goiter, the average basal metabolic rates are again lower than those 
found in exophthalmic goiter. Nevertheless, the average duration of hyper- 
thyroid symptoms in the few with toxic mixed goiter approximates that in 
exophthalmic goiter, while the duration of these symptoms in those with toxic 
diffuse colloid goiter is equal to that in toxic nodular goiter. The average 
basal metabolic rate is plus 26 per cent both in toxic mixed and toxic diffuse 
colloid goiter, and agrees closely with the average basal metabolic rate in 
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toxic nodular goiter, in our series plus 28 per cent, as well as in Boothby’s® 
series, plus 30 per cent (Table I). 

The average basal metabolic rate in 72 patients with nontoxic nodular 
goiter, plus I per cent, is significantly greater than in a group of normal indi- 
viduals from this region, minus 5 per cent, yet is far less than the average basal 
metabolic rate in toxic goiter. As many as 21 per cent of the basal metabolic 
rates in the group with nontoxic nodular goiter exceed the normal plus 2 s.d. 
limit, plus 11 per cent (Table II). A lower average metabolism is found 
in simple diffuse colloid goiter. The average is minus 7 per cent and does 
not differ significantly from the normal (Table I). However, the group is 
relatively small, comprising only nine patients, all young persons. 

In carcinoma of the thyroid there are several factors involved which may 
exert their effects, singly or in combination, upon the body metabolism. If 
the carcinoma is locally extensive, one might even expect a much reduced 
basal metabolic rate because of massive destruction of thyroid tissue. In 
partial replacement of the normal gland, on the other hand, there may be 
compensatory overfunctioning of the remaining cells, in varying degrees. In 
addition to these factors, the type of thyroid abnormality present prior to 
the development of the carcinoma may also be reflected in the basal metabolic 
rate. We have postulated in a previous paper® that the level of the blood 
iodine may depend more upon the nature of the thyroid gland in which the 
malignancy arises than upon the character of the malignancy itself. However, 
this again would be influenced, as in the case of the basal metabolic rate, by 
the extent of destruction of functioning thyroid tissue and the degree of 
resultant overcompensation by the remaining normal cells. 

In carcinoma of the thyroid we have, in addition to the thyroid activity 
present, another factor which may be reflected in the basal metabolic rate. 
This is the process of malignancy itself. Unlike the level of the blood iodine,$ 
the basal metabolic rate is in general increased by malignant neoplastic dis- 
ease.**® Thus, moderate elevation of the average basal metabolic rate in 
II patients with carcinoma of the thyroid, plus 16 per cent, may be consistent 
with the degree of increase one might expect to find in most malignant 
disease. As can be gleaned from the work of Boothby and Sandiford,* the 
percentage of basal metabolic rates exceeding plus 20 per cent is almost the 
same in malignancy of the thyroid as in certain other malignant neoplastic 
disease, the values being plus 22 and 20 per cent, respectively. 


BASAL METABOLIC RATE AND WHOLE BLOOD 10DINE 1N THYROID DISEASE 

Unlike thyroid disease, other endocrine disturbances are not so con- 
sistently reflected in the basal metabolic rate. Findings of the basal metabolic 
rates in these nonthyroid diseases® # suggest that the values frequently do 
not parallel the hypo and hyper states of the glands involved.!° Moreover, 
thyroid disease differs from nonthyroid disease in the corresponding general 
changes observed in the basal metabolic rate and the level of the blood iodine, 
particularly of the various forms of “organic iodine.’’!?-14 
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It appears to be the increased protein-bound fraction of the blood iodine, 
and more particularly its thyroxine-containing portion, which is related to 
the increased basal metabolic rate of hyperthyroidism.!* 1° Ina series of 100 
patients with suspected thyroid disturbances and of ten control individuals, 
Salter, and his associates,"’ found that when the clinical diagnosis and basal 
metabolic rate are in agreement, there is close parallelism between the plasma 
protein-bound iodine and the basal metabolic rate. Of 29 per cent who did 
not show such a relationship, the plasma protein-bound iodine proved more 
reliable as an index of the clinical status than did the basal metabolic rate, 
particularly in “Graves’ disease without hyperthyroidism.” 

Further, the similar response of both the basal metabolic rate and the 
blood iodine to thyroid therapy suggests again an association of these factors. 
Thus, for example, in the treatment of myxedema with thyroxine,!7 or 
with thyroid gland,’* the basal metabolic rate and the protein-bound blood 
iodine rise, while in hyperthyroidism treated with inorganic iodine, the 
“organic” level of blood iodine usually declines with the basal metabolic 
rate.'8 The recent investigations of thiouracil therapy in hyperthyroidism 
reveal that with this drug, too, the drop in basal metabolic rate, as well as 
the alleviation of symptoms,’® *° is accompanied by a drop in the protein- 
bound iodine of the blood.”° 

In a study of 18 children, from two to 13 years of age, Macciotta found 
no constant relation between the blood iodine and the basal metabolic rate, 
either in the group as a whole or in the same individual. From these findings 
he concludes that other factors besides the thyroid must be important in the 
iodine metabolism of children.*! K. B. Turner, and his associates,?? could 
find no correlation between the total blood iodine and the basal metabolic 
rate in 20 patients with hyperthyroidism, in five with nontoxic nodular 
goiter and in two with thyroiditis, as well as in patients with hypertensive 
vascular disease or with leukemia. 

In 1935, Mobius and Nolte** observed a sharp parallelism between the 
increased basal metabolic rate and the per cent rise in blood iodine in un- 
treated hyperthyroidism. In 1938, Gerda Btlmann?* noted that the graphic 
relationship between the alcohol fractionated “protein-bound” iodine in 
Graves’ disease and the basal metabolic rates, ranging from plus 80 to 
plus 180 per cent, resembled a logarithmic curve. Empirically, through various 
combinations of the data, she found the best equation describing the relation- 
ship to be: Per cent B.M.R. — 29 = 100 log (micrograms per cent iodine). 
From her findings she concluded that a relatively greater amount of circu- 
lating thyroid hormone is required to maintain a high metabolism; also, that 
a departure from a normal basal metabolic rate does not occur without change 
in the “protein-bound”’ iodine. 

Salter** was able to demonstrate a highly significant correlation between 
the blood iodine and the basal metabolic rate, on data for which Elmer and 
Scheps*® could find no parallelism, by using a logarithmic relationship: 
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B.M.R. = log (blood iodine —3), in which 3 is an arbitrary constant 
roughly representing the amount of inorganic iodine in the blood. His 
data included small groups of hyperthyroid patients, euthyroid normal indi- 
viduals, euthyroid goiter patients, euthyroid individuals with low basal 
metabolic rates and hypothyroid patients. Salter** states that it can be 
inferred that the blood iodine and the basal metabolic rate are related: if the 
clinical classification is adequate ; the analytical technic good; the exogenous 
iodine intake low; and a steady physiologic state is attained before the blood 
is drawn for analysis. 

In a study of 373 mixed cases, with basal metabolic rates ranging from 
minus 30 to plus 50 per cent, McClendon and Foster™ found a significant 
linear correlation between the basal metabolic rate, denoted in calories per 
sq. m. per hr., and the “thyroxin” iodine, a fraction which is nonextractable 
with methyl alcohol followed by acetone. The correlation coefficient thus ob- 
tained was -++0.627. 

In considering the total blood iodine, the basal metabolic rate and other 
factors in a series of different physiologic and pathologic conditions, we have 
found that the average unfractionated blood iodine is not invariably elevated 
in those conditions in which the basal metabolic rate is elevated.® * ® Likewise, 
the average basal metabolic rate does not necessarily correspond to an increase 
in the level of the blood iodine. In all forms of toxic goiter, both are abnor- 
mally high (Table 1). On the other hand, the moderate elevation in average 
basal metabolic rate which may occur in nontoxic nodular goiter is not 
accompanied by a corresponding increase in the blood iodine (Tables I and 
III). Likewise, a parallelism between increased metabolism and level of the 
blood iodine may be absent in carcinoma of the thyroid (Table I). In hypo- 
thyroidism the basal metabolic rate may be reduced out of proportion to the 
level of the average unfractionated blood iodine, perhaps due to a history of 
iodine medication in such patients or to the inclusion of patients with other 
hypometabolic disturbances in this group (Tables I and III). 

In an analysis of covariance, including a total of 11 euthyroid (151 indi- 
viduals) and eight different thyroid conditions (200 patients), we could not 
demonstrate a single relationship between the whole blood iodine and the 
basal metabolic rate which would similarly describe all. Significant correla- 
tions between the unfractionated blood iodine and the basal metabolic rate 
were found only in disease of thyroid origin. These included nontoxic nodular 
goiter, toxic nodular goiter and exophthalmic goiter, all groups in which 
there was a relatively large number of individuals (Tables IV and V). The 
association between the blood iodine and the basal metabolic rate in these 
three diseases was further corroborated by significant multiple correlation 
coefficients indicating some probable relationship of the blood iodine with 
the basal metabolic rate to the duration of symptoms of the disease, as well 
as to the age of the patient (Table V). 

We? could demonstrate a significant correlation between the basal metabolic 
rate and the unfractionated blood iodine in 64 patients with hypothyroidism, 
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whose whole blood iodine was determined by the chromium trioxide method. 
This may be due to the same factors responsible for a normal average blood 
iodine in this group,® such as the inclusion of patients who may have received 
iodine medication, or of those with forms of hypometabolism other than 
actual hypothyroidism. A heterogeneity among the patients with hypothy- 
roidism is further suggested by the finding of significant correlations between 


TABLE IV 


CORRELATION COEFFICIENTS OF BASAL METABOLIC RATE AND WHOLE BLOOD IODINE 
IN 19 DIFFERENT CLINICAL CONDITIONS 


Number of Correlation 
Clinical Condition Individuals Coefficient 
Euthyroid: 
MR et RP ira tah a tS SNS a ial e acehii-Sra ch vansb o0o:d te ha Sale a acd oh aN ae 34 +0.153 
eg EIN TIANOD 5506/0 oan 0 said 4 016-000 60ebw 4400 00d ad de eeee 25 —0.336 
SO EEE MMO Es o56\n'yrs 65S 68's id ole o SSIS 8 a F159 6. EMDG 9 ao Tse BOdS DSI SORE 17 +0.237 
ENN ra ave fare Soe Si os alo Wi Rashes Laisa au0 6 Wie ae ee bw co 'ete bole e's Be bist alew he 15 —0.207 
ee ee eee Rn 9) i Gein Sar eral Rea tyiesp 19 cerns 12 +0.284 
NEEM ao 6.5 85.5 seo '6.S io Oo a wais bo Wwe aIN awe 44.8 tO EES Cem em eS > 12 +0.115 
WA SIMUMIR Tig ockop. 05: 6-155: Wile SSNS Ne 6 wes: wap Se A Sb 00 do 5.8 0% ore 0 1d 6ue Ord 8 wes 10 +0.108 
NR sta ieS Sivis tie tig alshat-wad 2% ieaSee eee ca a pdestamee 9 +0.141 
MM el cd as oce vol ati vorp snes k OR lsudaw ale a Wik oo. 8 ae'6 Hays Saree tab iebl es rhs OIE aE LS > 9 —0.209 
oo AS ne 5 —0.338 
ee RMN SS CS clic eire a isintss oe'ee.clo 6 5 oe 6 a 30s & werneee ale ea 3 —0.388 
Thyroid: 
Oh ESSE. A a a en a 64 +0.148 
PICLOMEC CITB CONOIG GOES. cocci cece access cecccseasesace’ 7 +0.240 
PIONEORIC TOGUIGT BOWE. oo sec cece ccc cc ccc cccnvecesrceseees 44 +0.376* 
TORIC Gime COUOIG BOE... cece cece ccc eeccceceseccves 3 +0.254 
SN NNER o ae) Ss ails aie 5 oreo 4S wd dials BRC Grae a anelonécaualShai suk 4 +0.823 
MINS UNPRMERENE NINEOT 355 0.05 6.55.86, 66 dw oie ores eo 0 0 diese 64 9 6 Rewmb pa laiiewele 29 +0.548T 
POINTER UCT 655 ac Ss Be'cec ce cee wots cccecveesesvedceegavis 40 +0.444+ 
Carcinoma of the thyroid............ ..... seaehewes ce beeaw wares 9 —0.151 


* Significant correlation. 
t Highly significant correlation. 


TABLE V 


SIGNIFICANT CORRELATION COEFFICIENTS. RELATIONSHIP OF WHOLE BLOOD IODINE, 
BASAL METABOLIC RATE, DURATION OF SYMPTOMS AND AGE OF PATIENT 








Correlation Coefficient of Blood Multiple Correlation Coefficient 

Iodine, B.M.R. of Blood Iodine, B.M.R. 

Linear Logarithmic Duration of Age of 

Thyroid Disease Relation Relation Symptoms Patient 
PRIS TIOUUING BOUET «<0 0i006556' 825% +0.548F +0.563t +0. 5697 +0.555T 
Exophthalmic goiter................. +0.444+ +0.454f +0.450T +0.449F 
Nontoxic nodular goiter............. +0.376* +0.330* +0.396* +0.427* 

Hypothyroidismt: 

NR iors 6 6nh. ys. 0 se ob eine ‘ +0.833* PO 8h | a Seed TS, VU up Seat eretone’s 
Eee cies cetse creed. 60 vcne< § daeelohea | ~ ira lewiee +0.986T 


* Significant correlation. 

t Highly significant correlation. 

t Explained in text. 
the basal metabolic rate and the whole blood iodine only when males and 
females were considered separately in another smaller group of hypothyroid 
patients (Table V), whose blood iodine was determined by the dry ash 
technic.6 

Further correlation between the basal metabolic rate and the blood iodine 
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should be expected since a part, at least, of the blood iodine appears to repre- 
sent the circulating thyroid hormone. Also, significant correlation coefficients 
might be found in other clinical conditions, besides those in which we were 
able to demonstrate them, when the “organic” fraction of the blood iodine is 
contrasted with the basal metabolic rate, especially in larger groups of indi- 
viduals. 

In our analysis of covariance we were unable to find any significant 
departure of the whole blood iodine-basal metabolic rate relationship from 
linearity in those diseases in which a significant correlation between these two 
factors was found. Moreover, using the logarithmic relationship, with or 
without constants, we found that the correlation coefficients thus obtained in 
each of the 19 conditions (11 euthyroid and eight thyroid) investigated did 
not differ significantly from those obtained on a linear basis. Likewise, the 
logarithmic equation did not better describe a single relationship between 
the blood iodine and basal metabolic rate which would hold for all 19 con. 
sidered as a whole. 


SUMMARY 


1. In all forms of toxic goiter, the average basal metabolic rate is 
elevated. However, it is more increased in exophthalmic goiter than in any 
other form of goiter with hyperthyroidism, despite a similarity in the extent 
of increase of the average unfractionated whole blood iodine in all forms 
of toxic goiter, with or without exophthalmos. 

2. Although lower than the average basal metabolic rate found in toxic 
goiter, those of 72 patients with nontoxic nodular goiter were significantly 
higher than normal. This moderate increase in the average was unaccom- 
panied by any average increase in the whole blood iodine. 

3. The moderate elevation of the average basal metabolic rate in 11 
patients with carcinoma of the thyroid may be consistent with the degree 
of increase one might expect to find in most malignant disease. On the other 
hand, it may be the result of various factors including the nature of the 
thyroid gland in which the carcinoma develops, the extent of destruction of 
functioning thyroid tissue and the degree of resultant compensation by the 
remaining cells, as well as the presence of malignancy per se. 

4. Variation in the basal metabolic rates in different goitrous conditions 
was found to exceed such variation among normal individuals. 

5. Significant positive correlation coefficients indicating a probable asso- 
ciation between the basal metabolic rate and the whole blood iodine were 
demonstrated in nontoxic nodular, toxic nodular and in exophthalmic goiter. 
There was no significant deviation from linearity in any of these relationships. 

6. An interrelationship between the whole blood iodine and basal metabolic 
rate with the duration of symptoms of the disease, as well as with the age of 
the patients, was indicated in all three of these diseases by significant multiple 
correlation coefficients. 

7. The determination of the basal metabolic rate is a more reliable test 
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of thyroid activity than the level of the unfractionated whole blood iodine. 
However, both determinations, considered together, are superior to 
either alone. 
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VAGOTOMY FOR GASTRODUODENAL ULCER* 
Lester R. Dracstept, Pu.D., M.D. 


Cuicaco, It. 


FROM THE DEPARTMENT OF SURGERY OF THE UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


A voLUME to honor the 20 years of superb service that Dr. Dallas B. 
Phemister has given to the Department of Surgery and to the Medical School 
of the University of Chicago is fitting and appropriate. It is a great pleasure 
and a privilege for me to take part in this celebration, for I have been closely 
associated with him during all this time. We have worked together and 
what I have learned of surgery has come chiefly from him. He has taught 
best by example, and his modesty and industry, but best, his scientific integrity 
have set the standard, and this is chiefly responsible for the accomplishments of 
the Department. Sustained experimentation in the laboratory and honest 
observation and recording in the Clinic have constantly marked his way. Few 
men have done so well in both fields. Enthusiasm goes with him and the 
will to work. It is especially gratifying that this occasion looks upon him 
in the full flood of his powers and we hope that it will convey, even though 
faintly, our warm admiration and regard. 

In previous papers! I have presented our early experience with surgical 
division of the vagus nerves in patients with gastroduodenal ulcer, together 
with brief descriptions of the operative technic involved. It is the purpose of 
this communication to survey the present status of this work and to refer 
to some studies in the laboratory that provide for the first time information 
concerning the relative importance of nervous and humoral factors in deter- 
mining the volume and acidity of the gastric secretion. 

The operation was undertaken because of the conviction, arrived at by 
experimental work on the lower animals, that pure gastric juice as it is 
secreted by the fundus of the stomach, has the capacity to destroy and digest 
various living tissues, including the wall of the jejunum, duodenum, and even 
the stomach itself. It does not do this under normal conditions because the 
usual and appropriate stimulus to gastric secretion is the ingestion of food. 
This dilutes and neutralizes the gastric juice and decreases its corrosive powers. 
In normal man the secretion of gastric juice in the intervals between meals, 
when there is no food in the stomach or upper intestines, falls off to a small 
quantity that can be buffered by the saliva, pyloric mucus, and the regurgitated 
duodenal secretions. The chief secretory abnormality in ulcer patients lies 
not in the production of a juice with higher than normal acidity, nor even 
in the production of more normal juice in response to the usual stimuli, 
although there is some evidence that this occurs, but rather in the secretion 
of abnormally large amounts of gastric juice in the intervals between meals 
particularly at night when the stomach is empty and there is no obvious 





* This work was done with the aid of a number of associates, including F. M. Owens, 
Jr., M.D., P. W. Schafer, M.D., T. F. Thornton, Jr., M.D., E. H. Storer, M.D., and 
James Clarke, M.D. 
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stimulant. The accumulation in the stomach of considerable amounts of such 
relatively pure fundic secretion obviously provides in man the counterpart 
of those experiments in animals where ulcers inevitably develop and become 
progressive. 

The medical management of duodenal ulcer has been successful directly 
dependent upon the degree to which the acid gastric juice has been neutralized 
during the entire 24 hours. Surgical treatment, likewise, has been successful 
when a sufficient part of the fundus mucosa has been removed to reduce the 





Fic. 1.—Diagram illustrating the totally isolated stomach preparation with preservation of the vagus 
innervation and blood supply. 


gastric secretion to normal or subnormal values. The importance of the 
vagus nerves in the normal mechanism of gastric secretion has been recognized 
since the classical researches of Pavlov, and his pupils. However, it is 
possible that the discovery of humoral factors also effecting gastric secretion, 
notably gastrin and histamine, has directed the attention of many students to 
this phase of gastric physiology and has led to the employment of humoral 
stimuli exclusively in testing gastric secretory function in health and disease. 
Reliable data on the total volume of gastric juice secreted by normal man 
in 24 hours are very meager. There seems to be no way to apply the usual 
normal stimuli to the gastric glands and still recover the secretory product. 
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There is also little or no information concerning the relative proportion of 
gastric juice that is elicited by neurogenic stimuli and by humoral factors. 
Some data bearing on this problem have been recently obtained in our 
laboratory, the details of which will be reported elsewhere. In this work, 
total isolated stomach pouches were prepared in dogs by the method of 
Dragstedt and Ellis.* The lower end of the esophagus was mobilized and the 
vagus nerves carefully pushed aside. The esophagus was then transected and 
the upper end of the stomach infolded and closed. The pylorus was then 


— 





Fic. 2.—Incision (A) and exposure (B) of the 7th rib for 
transthoracic vagotomy, 


transected, both ends infolded and closed, and the jejunum brought up and 
anastomosed to the esophagus by end-to-side suture. A gold plated cannula 
was inserted into the isolated stomach for the collection of gastric juice (Fig. 1). 
In a typical experiment such an isolated stomach, in which the blood supply 
and the vagus innervation had been carefully preserved, was found to secrete 
an average of 1,100 cc. of gastric juice with a free hydrochloric acid concen- 
tration of 0.35 to 0.42 per cent in 24 hours. The total secretion for a month 
was collected and then the vagus nerves were divided in the chest just above 
the diaphragm. The volume of gastric juice immediately declined to an 
average of 410 cc. with a free acidity of 0.11 to 0.32 per cent, and this effect 
persisted for at least 60 days. 

By this type of experiment it was found that section of the vagus nerves 
to the stomach reduced the secretion of gastric juice in dogs to a half or even 
a fourth of the normal level. Unless it should develop that psychic factors 
are more important in gastric secretion in dogs than in man, it appears highly 
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probable that a similar reduction can be expected. The data obtained so far, 
suggest that the hypersecretion of gastric juice in ulcer patients is neurogenic 
in origin and that, consequently, a comparatively greater reduction should 
follow vagus section in man than in lower animals. 

At the present time, 39 patients have been treated by vagus section in this 
Clinic. In 32 of these, the vagi have been divided in the left chest just above 
the diaphragm. The technic of this operation is illustrated in Figures 2, 3, 
and 4. An extensive resection of the seventh or eighth rib together with a 
portion of the cartilage is made so that retraction of the wound will produce 
minimum trauma. The intercostal nerve is isolated at the posterior margin of 
the wound, divided and ligated with silk. This procedure minimizes post- 
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Fic. 3.—Mobilization of the esophagus and isolation of vagus nerves showing the 
communication between the anterior and posterior trunks. 


operative pain in the chest, otherwise a troublesome complication. The 
inferior pulmonary ligament is clamped, cut, and ligated and the incision 
in the parietal pleura carried backward toward the aorta about 2 cm. The 
finger is then introduced through this aperture and the esophagus mobilized 
into the left chest by gentle blunt dissection. The vagus nerves may be 
easily identified by palpation, ligated with silk and divided as in Figure 3. 
The proximal ends of the divided nerves are sutured into the left pleural cavity 
to hinder regeneration. The chest is closed without drainage. 

In seven of the patients, the vagus nerves have been divided below the 
diaphragm, usually because an associated high grade pyloric stenosis necessi- 
tated a gastro-enterostomy or resection to relieve obstruction. The method 
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employed is illustrated in Figures 5,6 and 7. An inverted T-shaped incision 
(Fig. 5A) provides good access to the lower esophagus. The left triangular 
ligament of the liver is incised and the left lobe of the liver retracted medially 
(Figs. 5B and C). The peritoneal fold over the esophagus is severed and 
the esophagus mobilized by blunt dissection and pulled downward into the 
abdomen. Often 5 cm. or more of esophagus may be delivered into the 
abdomen by this method. The left, or anterior vagus nerve is found along 
the lesser curvature usually in the form of several separate strands which 








_ Fic. 4.—(A) Ligature and division of vagus nerves just above 
diaphragm; and (B) transplantation of proximal ends of cut vagi 
into the pleural cavity. 


can be grouped together. The right, or posterior vagus is found along the 
greater curvature. It is most important to clear the esophagus of all nerve 
fibers for a distance of 2 or 3 cm. and to divide all the fibers passing to the 
stomach through the diaphragm. It is somewhat more difficult to secure a 
complete vagotomy by this abdominal approach but it can be accomplished if 
sufficient care is exercised. The nerve trunks are cut between silk ligatures 
and the proximal ends permitted to retract into the mediastinum, or they may 
be sutured to the diaphragm as in Figure 7. 

The insulin test, as suggested by Hollander, has been employed in our 
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LESTER R. DRAGSTEDT Annals of Surgery 
work to determine if all the vagus secretory fibers to the stomach have been 
interrupted. This test depends upon the fact that the hypoglycemia induced 
by an adequate dose of insulin stimulates the vagus secretory fibers to the 


stomach probably by an effect on the central nervous system. As a rule, the 
injection of 20 units of insulin in a normal adult produces a fall in the blood 
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Incision in left 
_triangular ligament 
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Fic. 5.—(A) Incision for transabdominal vagotomy. (B) Division of the left triangular ligament to 
the liver. (C) Exposure of esophagus. 


sugar to 40 mg. or lower, and in about 30 minutes to an hour a marked 
augmentation in the rate and acidity of the fasting secretion results. No 
effect whatever occurs if the vagus section has been complete. The test must 
be controlled by estimations of the blood sugar before and one hour after 
the injection of insulin. The sugar must fall to 50 mg. or lower or no stimu- 
lation of the vagi is produced. In the last 21 patients, a positive response to 
the injection of insulin was obtained in 19 before operation, and this was 
980 
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completely absent after the vagus section, except in one case where a doubtful 
positive response occurred in one test. 

The data concerning the first 15 patients subjected to vagus section have 
been summarized in a previous report.1. A tabulated summary of the remaining 
24 is included here, Table I. Brief protocols of relevant data in the histories of 
these patients are also presented. 


Left or anterior 

‘vagus nerve 

Right or posterior 
vagus nerve 








4 


Fic. 6.—(A and B) Mobilization of esophagus. 


It will be noted that one of the 39 patients died, a mortality for the opera- 
tion at present of 2.5 per cent. This patient developed a postoperative 
bronchopneumonia due, in part to the aspiration of regurgitated material 
which had accumulated in the stomach. It is now our practice to maintain 
constant intragastric suction for three to four days after operation or until 
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the stomach has recovered sufficient tonus to prevent the accumulation of 
more than 200 cc. of fluid. There have been no other serious postoperative 
complications. As noted before, pain along the rib margin was a trouble- 
some development in many of the early cases. This has been very largely 
prevented by the division of the intercostal nerve at the posterior margin of 
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Fic. 7.—Isolation and division of vagus trunks. 


the wound. It is probable that a pleural effusion of varying amount occurs 
in all patients, but this has required aspiration in only 25 per cent. A second 
aspiration was performed three times. There is undoubtedly a hazard from 
atelectasis and bronchopneumonia. The practice of early rising has probably 
lessened the incidence of these complications. Almost all of the patients get 
out of bed after 24 hours and remain so for long periods on the third or 
fourth day.® 
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Thirty of the patients subjected to vagus section had duodenal ulcers, 
two had gastric ulcers and seven had gastrojejunal ulcers. Eight of the 
duodenal ulcer patients were given a gastro-enterostomy in addition to the 
vagus section because of high grade pyloric stenosis. In five of these the vagus 
section was done by the abdominal approach at the same time as the gastro- 
enterostomy. Only one of the duodenal ulcer patients failed to obtain striking 
and persistent relief of symptoms, and in this case there were many features 
suggesting a neurosis. The first patients have been followed for two and 
one-half years and, so far, have remained well on unrestricted diets and 
without medication. One of the patients with gastric ulcer has been entirely 
cured of his disease as determined by gastroscopic and roentgenographic evi- 
dence and complete relief of symptoms. The other has been relieved of distress, 
and at the last examination a marked reduction in the size of the ulcer crater 
was apparent. The status of vagus section for gastrojejunal ulcers is more 
uncertain. These ulcers are notoriously difficult to heal without resection. 
Of the seven patients with this lesion, one was dissatisfied with the result 
and went to another clinic where a total gastrectomy was performed. One 
patient secured complete relief of distress only with additional alkalies, but 
was able to return to work as a sailor and has not been seen during the past 
year. The remaining five have secured complete relief of ulcer distress, and 
in three of these, a spectacular recession in the craters, visualized roentgeno- 
graphically, has been obtained. A longer period of observation is required 
before conclusions can be drawn in this group. 

Studies on the effect of vagus section on gastric secretion and motility 
in ulcer patients have been made, and will be reported in detail elsewhere. 
The operation has no effect on the secretory response of the stomach to 
histamine or caffeine but abolishes the stimulating effect of insulin hypo- 
glycemia and a sham meal. Confirming our earlier experience, the most 
definite and consistent secretory abnormality in ulcer patients is an abnormally 
large continuous secretion of gastric juice in the empty stomach at night 
when there is no apparent stimulus. This occurred without exception. 
Vagotomy reduced this secretion from 50 to 60 per cent, indicating that it is 
largely neurogenic in origin. The tonus and hunger contractions of the 
stomach in patients with duodenal ulcer are usually excessive and are reduced 
but not abolished by vagotomy. A temporary atony of the fundic region 
was observed in two patients by fluoroscopy. It is very likely that this reduc- 
tion in hypertonicity in part accounts for the immediate symptomatic relief so 
commonly produced. Although a decrease in the motility of the stomach was 
found in each case when the examination was made, no evidence has been 
obtained, so far, indicating a similar decrease in the motility of the intestines. 
If any effect at all has been produced, it is in the direction of increased 
peristalsis. A considerable proportion of the patients who complained of 
constipation before the operation have been even more gratified by the dis- 
appearance of this disturbance than by the relief of the ulcer distress. Further 
study of this effect is necessary. 
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CLINICAL PROTOCOLS 


H. F. (Unit No. 344351), a 54-year-old white male, was first seen in this clinic on 
October 18, 1944. He gave a history of epigastric distress for the previous 20 years, 
during which time he secured partial relief by food and alkalies. Eight years ago he 
had an attack of nausea and vomiting and a profuse gastric hemorrhage. Shortly after 
this attack he was operated upon for a perforated duodenal ulcer. After recovery from 
the operation he followed an ulcer management with frequent feeding and powders 
faithfully. When he came to this clinic his abdominal pain had become more severe, 
vomiting was frequent and he had passed tarry stools for the preceding two days. 
Roentgenologic examination revealed a duodenal ulcer with a crater and high grade 
pyloric obstruction. On October 25, 1944, a celiotomy was performed and a stenosing 
duodenal ulcer demonstrated. The lower esophagus was mobilized, the vagus nerves 
ligated and divided, and a posterior gastro-enterostomy made. Recovery from the opera- 
tion was uneventful, and the patient has had no epigastric distress of any kind subsequently. 
When last seen in May, 1945, he was eating a regular diet, without medication, and had 
no distress. 

C. B. (Unit No. 345581), a 42-year-old white male, was first admitted to the clinic 
on November 7, 1944. He complained of epigastric distress occurring several hours after 
meals and at night ever since he was 16 years old. The ingestion of food or milk always 
relieved the pain. In 1928, a posterior gastro-enterostomy was done for duodenal ulcer. 
Following this operation his abdominal pain persisted and he developed diarrhea. He 
was operated upon again in 1930, at which time a gastrojejunocolic fistula was found. 
This was closed and the gastro-enterostomy taken down. The epigastric pain persisted 
and, in 1938, a subtotal gastrectomy was performed. This provided temporary relief, 
but early in 1944 symptoms recurred, and roentgenologic examination revealed a gastro- 
jejunal ulcer. Medical management provided only partial and temporary relief and he 
began to vomit. Roentgenologic examination in this clinic on November 14, 1944, 
revealed a large jejunal ulcer. On November 18, 1944, a transthoracic supradiaphragmatic 
section of the vagus nerves was performed. Recovery was uneventful. On February 28, 
1945, roentgenologic examination revealed a decrease in the size of the ulcer crater. 
The epigastric distress improved and he began to eat very well, but was severely injured 
in an automobile accident in 1945. He recovered from this accident but his epigastric 
distress recurred and he entered another clinic where a total gastrectomy was performed. 

H. W. (Unit No. 320517), a 55-year-old white male, was first seen in this clinic 
on March 14, 1944. For the preceding 20 years he had been having epigastric pain after 
meals and at night. No adequate therapy was given during this period. On two occa- 
sions in 1943 he had massive gastro-intestinal hemorrhages. On June 24, 1944, roentgen- 
ologic examination revealed a duodenal ulcer with deformity of the duodenal bulb, 
stenosis and a crater. Medical management gave only partial relief. On November 10, 
1944, a posterior gastro-enterostomy and a subdiaphragmatic section of the vagus nerves 
was performed. For several weeks after operation, the anastomosis functioned poorly. 
However, after two months he was able to eat regularly without distress, and by June, 
1945, he gained 30 pounds in weight. At this time he was eating a regular diet, without 
powders, and had no epigastric pain. 

M. B. (Unit No. 285208), a 56-year-old white male, was first seen in this clinic 
on June 20, 1942. Twelve years before he began to have epigastric distress, consulted a 
physician who made a diagnosis of duodenal ulcer. He was placed on medical manage- 
ment and did fairly well until ten days before entering the hospital, when he developed 
severe epigastric pain and had a massive hemorrhage. Subsequently, roentgenologic 
studies showed a duodenal ulcer with a large crater. Roentgenotherapy to the stomach 
was given and considerable improvement resulted. In November, 1942, he developed 
obstructive symptoms and a posterior gastro-enterostomy was performed. He was well 
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for one year following this operation but then symptoms recurred, and roentgenologic 
examination revealed a gastrojejunal ulcer. Medical management failed to give relief. 

On November 8, 1944, the gastro-enterostomy was taken down and on November 
24, 1944, a transthoracic supradiaphragmatic section of the vagus nerves was performed. 
Recovery from both operations was uneventful and when last seen in June, 1945, he was 
entirely symptom-free and eating a regular diet without alkalies. 

J. W. (Unit No. 293108), a 60-year-old male, was first seen in the clinic on September 
15, 1942. He gave a history of epigastric distress for the previous 25 years. In 1936, a 
gastro-enterostomy was performed. Epigastric distress recurred in 1940, and roentgen- 
ologic examination revealed a gastro-enterostomy and just above it, a large gastric 
ulcer. The ulcer was visualized with the gastroscope. Roentgenotherapy to the stomach 
was given and, on December 22, 1942, the ulcer disappeared, was not demonstrated on 
either roentgenographically or on gastroscopic examination. In August, 1943, symptoms 
recurred and the ulcer reappeared on the roentgenogram and on gastroscopy. Strict 
management was instituted with some decrease in the size of the ulcer but this increased 
again in the latter part of 1944. 

On November 27, 1944, a transthoracic supradiaphragmatic section of the vagus nerves 
was performed. Recovery was uneventful but was complicated by persistent pain in 
the region of the incision, which has continued to the present. Roentgenologic examina- 
tion, March 24, 1945, revealed a poorly functioning gastro-enterostomy with a stomal ulcer. 

When last seen in June, 1945, the patient was eating fairly well, had little or no 
epigastric distress but still complained of pain in the chest. 

A. W. (Unit No. 346494), a 47-year-old white male, was first admitted to the clinic 
on November 21, 1944. He complained of epigastric distress which had been present 
for the previous 15 years, and a diagnosis of a duodenal ulcer had been made. Diet and 
powders controlled the pain fairly well during this period. Symptoms recurred, however, 
and two years before entering the hospital, a gastro-enterostomy was performed else- 
where. Following this operation he was well until four hours before admission when 
he developed pain in his left side and began to vomit blood. The gastric hemorrhage 
was controlled and, on November 29, 1944, roentgenologic examination revealed a well- 
functioning gastro-enterostomy with a gastrojejunal ulcer with a crater. On December 
II, 1944, a transthoracic supradiaphragmatic section of the vagus nerves was performed. 
Recovery from the operation was uneventful except for a slight pleural effusion on the 
left side which did not require tapping. Ulcer symptoms were entirely relieved and 
roentgenologic examination, January 9, 1945, failed to reveal the crater at the anastomosis. 
When last seen in February, 1945, he was free from distress, eating a regular diet, and 
taking no powders. 

H. K. (Unit No. 345881), a 38-year-old white male, was admitted to the clinic on 
November 11, 1944. For the preceding 20 years he had been having intermittent gastric 
distress following meals. This was partly relieved by food and alkalies. Roentgenologic 
examination, November 15, 1944, revealed a duodenal ulcer with deformity and a small 
central crater. Medical management produced little or no effect. On December 27, 1944, 
a transthoracic supradiaphragmatic vagus section was performed. Recovery was unevent- 
ful. Roentgenologic examination, January 11, 1945, showed no change in the ulcer crater. 
On February 5, 1045, the crater appeared somewhat smaller and by May Io, 1945, it 
had completely disappeared on roentgenologic examination. 

When last seen on May 6, 1945, he was eating a liberal diet, without powders, and 
without distress. 

H. M. (Unit No. 325181), a 30-year-old white male, was first admitted to the 
hospital on January 12, 1944. Seven years previously he had epigastric pain occurring 
after meals. Roentgenologic examination was made, with a diagnosis of duodenal ulcer. 
Medical management produced marked relief but at intervals the epigastric distress re- 
curred. Two months ago, he began to vomit and the abdominal pain became more 
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severe. On one occasion he had a severe hemorrhage. Roentgenologic examination 
revealed a duodenal ulcer, with deformity and a large ulcer crater. Roentgenotherapy to 
the stomach was given and the crater decreased somewhat in size but did not disappear. 
He did fairly well on medical management but on July 27, 1944, was readmitted to the 
hospital because of a massive hemorrhage. This was controlled and, December 29, 1944, 
a transthoracic supradiaphragmatic section of the vagus nerves was performed. Recovery 
was complicated by pleural effusion which required aspiration. Roentgenologic examina- 
tion, April 11, 1945, revealed disappearance of the ulcer crater and no obstruction, 
but a persistent deformity of the duodenal bulb. 

When last seen on May 15 he had no epigastric distress, was eating a regular diet 
and had gained 30 pounds since the operation. 

N. K. (Unit No. 330562), a 48-year-old white male, was admitted to the clinics on 
March 28, 1944. For the preceding seven years he had been having intermittent epigastric 
pain coming on several hours after meals and relieved by food and alkalies. He passed 
black tarry stools at intervals but did not vomit blood. In 1942, he was operated upon 
elsewhere for ulcers of the stomach but the nature of the operation was not determined. 
The epigastric distress persisted and roentgenologic examination in this clinic, March 30, 
1944, revealed a marked ulcer deformity of the duodenal bulb with a central crater. In 
April, 1944, he was given roentgenotherapy to the stomach and medical management. 
The symptoms were relieved and the crater disappeared. In December, 1944, the epigastric 
pain recurred, roentgenologic examination showed marked deformity but no crater. 
On January 3, 1945, a transthoracic supradiaphragmatic section of the vagus nerves was 
performed. Recovery was complicated by pain in the chest and from gastric distention. 
When last seen on April 5, 1945, he was eating a regular diet, without powders, and 
had no epigastric distress. He had gained 20 pounds since the operation. 

M. C. (Unit No. 57621), a 54-year-old white male, was first seen in this clinic in 
1932. He gave a history of epigastric distress of the ulcer type for the previous 20 years. 
Roentgenologic examination revealed deformity of the duodenal bulb with marked 
pyloric stenosis. A posterior gastro-enterostomy was performed. In June, 1934, his 
ulcer pain recurred, and roentgenologic studies revealed a gastrojejunal ulcer. Medical 
management gave only partial relief and, in December, 1934, the gastro-enterostomy was 
taken down. Within a few months his ulcer symptoms appeared again and _ persisted 
in spite of rigorous medical management combined with roentgenotherapy to the stomach 
to decrease gastric secretion. On January 5, 1945, a transthoracic supradiaphragmatic 
section of the vagus nerves was done. Following operation, he developed gastric dis- 
tention, and on one occasion aspirated a considerable amount of vomitus. A _broncho- 
pneumonia developed and death occurred on January 13, 1945. Autopsy was not permitted. 

E. T. (Unit No. 347888), a 60-year-old white female, was first seen in this clinic 
on December 13, 1944. She complained of epigastric pain after meals for the previous 
15 years. One year ago, a roentgenologic examination was made, with a diagnosis of 
duodenal ulcer. Symptoms were relieved by medical management, but in July, 1944, she 
began to vomit. Roentgenologic examination on December 13, 1944, revealed partial 
pyloric obstruction due to a duodenal ulcer, with a crater. On January 8, 1945, a 
transthoracic supradiaphragmatic section of the vagus nerves was performed. Recovery 
was complicated by fever which persisted for a week, and a pleural effusion. Following 
operation, she was able to eat a soft diet without vomiting. No medication was given. 
Roentgenologic examination on January 30, 1945, showed some improvement in the 
pyloric obstruction but persistence of an ulcer crater in the duodenum. On May 8, 
1945, the pyloric obstruction was markedly improved although the stomach was still 
somewhat dilated. When last seen on May 12, 1945, she was eating a liberal diet, 
without medication, and without epigastric distress or vomiting. Her only complaints 
were occasional sharp jabbing pain in the region of the incision. : 
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R. V. (Unit No. 343287), a 42-year-old white male, was first admitted to the 
clinic on October 5, 1944. He gave a history of intermittent epigastric distress of the 
ulcer type for the previous eight months. For the past four months the pain had been 
particularly severe. Roentgenologic examination revealed a deformity of the duodenal 
bulb but no crater. Medical management failed to relieve the distress. On January 
10, 1945, a transthoracic supradiaphragmatic section of the vagus nerves was performed. 
Recovery from the operation was uneventful, and all epigastric symptoms were imme- 
diately relieved. When last seen, March 31, 1945, he was feeling well, eating a liberal 
diet without distress or medication. 

W. H. S. (Unit No. 345905), a 52-year-old white male, was first seen in the clinic 
on November 13, 1944. For the preceding 26 years he had been having periodic attacks 
of severe epigastric pain relieved by food and alkalies. In 1929, these attacks began to 
be associated with vomiting. Roentgenograms revealed a duodenal ulcer. On medical 
management he remained fairly well until 1938, when the epigastric pain and vomiting 
became more severe. These symptoms continued and were associated with a loss of 
20 pounds in weight during the five months before admission to the clinics. Roentgeno- 
logic examination at this time revealed almost complete pyloric obstruction. On January 
19, 1945, a posterior gastro-enterostomy was performed, and at this time the vagus 
nerves were divided immediately beneath the diaphragm. Recovery from the operation 
was uneventful and during the first three months the patient gained 30 pounds in weight. 
When last seen March 27, 1945, he was eating a regular diet, without medication, and 
without epigastric distress. 

J. P. (Unit No. 349287), a 54-year-old white female, was admitted to this clinic 
on January 10, 1945. She complained of intermittent epigastric pain that was relieved by 
food and alkalies for the preceding eight years. For the past two years this was asso- 
ciated with vomiting and a loss of 35 pounds in weight. Roentgenology examination, 
January 10, 1945, revealed marked pyloric obstruction probably due to duodenal ulcer 
but no crater was visualized. On January 19, 1945, a celiotomy was performed by Dr. 
William Adams which revealed a large duodenal ulcer with adhesions. The esophagus 
was mobilized and the vagus nerves isolated. A segment, approximately one inch in 
length was resected from each vagus nerve. An anterior gastro-enterostomy was then 
performed. Recovery from the operation was complicated by a severe blood transfusion 
reaction. When last seen, March 30, 1945, she was feeling well, had no epigastric 
distress and was eating a regular diet, without powders. 

W. W. (Unit No. 351791), a 57-year-old white male, was first admitted to this 
clinic on February 16, 1945. He reported that he had been entirely well until November, 
1943, when he developed a severe epigastric pain for which an emergency operation was 
performed. A _ perforated duodenal ulcer was found, and closed. He remained well 
until December, 1944, when he again had a perforated duodenal ulcer for which he was 
operated upon and which was again closed. He remained well then until February, 
1945, when he developed an attack of severe upper abdominal pain with vomiting. Nine 
days after this attack he was admitted to the hospital for observation. Roentgenologic 
examination, February 19, 1945, revealed marked deformity of the duodenal bulb and 
pyloric stenosis of moderate degree. A crater was not demonstrated. On February 
23, 1945, a supradiaphragmatic transthoracic section of both vagus nerves was performed. 
Recovery from the operation was uneventful. When last seen on July 24, 1945, he stated 
that he had been completely relieved of all ulcer symptoms since the operation. He was 
eating a liberal diet without distress or vomiting, and took no medication of any kind. 

G. P. (Unit No. 328604), a 48-year-old white male, was admitted to the clinic on 
March 2, 1944. Twenty years before he first experienced abdominal pain accompanied by 
nausea and vomiting. A diagnosis of duodenal ulcer was made. Medical treatment proved 
unsuccessful and, in 1925, a gastro-enterostomy was performed. This gave only tem- 
porary relief and, in 1930, roentgenologic studies revealed a gastrojejunal ulcer. He 
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continued to have epigastric distress with occasional episodes of vomiting during the 
ensuing five years. When he entered the clinic, roentgenologic examination of the 
stomach, March 8, 1944, revealed a large gastrojejunal ulcer. On April 3, 1944, the 
gastro-enterostomy was taken down and a subtotal gastrectomy was performed. Symp- 
toms were entirely relieved until February, 1945, when the abdominal pain returned. 
Roentgenologic examination, February 14, 1945, revealed the reappearance of a very 
large gastrojejunal ulcer. On March 12, 1945, a transthoracic supradiaphragmatic 
section of the vagus nerves was performed. Immediate relief followed this operation 
and he was able to eat a liberal diet, without medication. Subsequent roentgenologic 
studies, April 30, 1945, showed almost complete disappearance of the ulcer crater. 

M. S. (Unit No. 204878), a 36-year-old male, was first seen on August 29, 1938. 
For the past two months he had been complaining of typical ulcer distress and roentgeno- 
logic examination revealed a duodenal ulcer, with a crater. Symptoms were controlled 
for a time on medical management but recurred in 1943, at which time a subtotal 
gastrectomy was performed. At operation, a chronic duodenal ulcer penetrating into 
the pancreas was found. Six months after the operation a recurrence of symptoms 
developed and a gastrojejunal ulcer was demonstrated roentgenologically. Roentgeno- 
therapy to the stomach was then given, with relief of symptoms, and there was apparent 
disappearance of the ulcer. The ulcer recurred in six months and pain became severe. 
On March 23, 1945, a transthoracic supradiaphragmatic section of the vagus nerves was 
performed. Recovery was uneventful, and the patient was entirely relieved of ulcer 
distress. On May 9, 1945, roentgenologic examination failed to reveal any evidence of 
the gastrojejunal ulcer. 

When last seen in June, 1945, he was symptom-free and ate a regular diet, without 
powders. 

W. K. (Unit No. 355373), a 52-year-old white male, was first admitted to the 
clinic on April 9, 19045. He gave a history of typical ulcer distress for the preceding 
15 years. Medical management had usually been successful in providing relief but 
frequent recurrences of pain and distress occurred. In the four months before entering 
the hospital the pain had been unusually severe and failed to respond to the usual 
therapy. Roentgenologic examination revealed a duodenal ulcer, with a large crater. On 
April 13, 1945, a transthoracic supradiaphragmatic section of the vagus nerves was 
performed. Recovery from the operation was uneventful and was followed by complete 
relief of his ulcer distress. When last heard from in July, 1945, he was eating a liberal 
diet, without medication, and experienced no abdominal pain or discomfort. 

C. W. O. (Unit No. 4977), a 42-year-old white male, was admitted to the clinics 
on April 15, 1945. He gave a history of epigastric distress beginning in 1928, at which 
time roentgenologic examination revealed a duodenal ulcer. Medical management was 
faithfully carried out and this provided complete relief of all symptoms except during 
periods of severe mental strain. At this time, the pain recurred and interfered so much 
with his work as a trial lawyer that further treatment was desired. Roentgenologic 
examination revealed a deformity of the duodenal bulb but no crater. On April 18, 
1945, a transthoracic supradiaphragmatic section of the vagus nerves was performed. 
Recovery from the operation was uneventful and following this, all of his ulcer symptoms 
have entirely disappeared. When last seen in July, 1945, he was eating a liberal diet, 
without medication, and had no ulcer symptoms. 


CONCLUSIONS 
1. Descriptions are given of methods for the division of the vagus nerve 
supply to the stomach in man by a transthoracic and an abdominal approach. 
2. The vagus nerves to the stomach were divided in 30 patients with duodenal 
ulcers, in two with gastric ulcers, and in seven with gastrojejunal ulcers. 
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3. A striking and persistent relief of ulcer distress has been almost uniformly 
secured, with gain in weight, and roentgenographic evidence of healing of 
the lesions. 

4. Section of the vagus nerves had no effect on the secretory response of the 
stomach to histamine or caffeine but abolished the response to insulin 
hypoglycemia and a sham meal. 

5. The tonus and motility of the stomach were decreased but not abolished 
by the operation. 
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BLOOD PRESSURE OF RENAL AND OF EARLY AND LATE 
NEUROGENIC HYPERTENSION DOGS AFTER 
LOW CERVICAL CORD SECTION* 


Keitu S. Grimson, M.D. 
Durnam, N. C. 
FROM THE DEPARTMENT OF SURGERY, DUKE UNIVERSITY SCHOOL OF MEDICINE, DURHAM, N., C. 


ESSENTIAL DIFFERENCES between experimental neurogenic and experi- 
mental renal hypertension have been reviewed and correlated with clinical 
hypertension and surgical treatment by sympathectomy.! The neurogenic 
hypertension produced by excision of the carotid sinuses and denervation of 
the cardio-aortic pressure sensitive areas is effected by altering reflex vaso- 
motor regulation. Elevation of the blood pressure may be prevented or 
eliminated by complete sympathectomy. The renal hypertension produced 
by constriction of the renal artery or by capsules about the kidney, is effected 
by an humoral process. Elevation of blood pressure by this mechanism 
accurs in the presence or in the absence of the paravertebral sympathetic chains. 
The angiotonen or hypertensin associated with this form of hypertension 
will constrict a syrnpathectomized vascular bed. 

Evaluation of the relative importance of abnormal blood pressure regu- 
lation over the sympathetic nervous system, of abnormal vasoconstriction by 
renal metabolic products through the blood stream, or of abnormal peripheral 
resistance effected by vascular arteriolar disease in the patient with hyper- 
tension is difficult. The author has suggested that vasomotor instability may 
initiate hypertension in certain patients and later produce arteriolar disease 
and a renal humoral mechanism. Should vasomotor instability be an initiating 
and a perpetuating factor in the hypertensive disease process of a patient 
adequate sympathectomy might block the initial development or arrest or delay 
the late developments. Should arteriolar disease be an early factor sym- 
pathectomy could offer only minor or secondary benefit. 

Reed, Sapirstein, Southard, and Ogden? have found that rats with early 
renal hypertension and rats with chronic renal hypertension respond differently 
to nembutal anesthesia and to yohimbine hydrochloride. They suggest that 
“the renal pressor mechanism which initiates experimental renal hypertension 
is later superseded by a neurogenic mechanism mediated through the sym- 
pathetic nervous system.” If correct, this observation will be significant. 
Occasional patients that have had primary kidney disease and have recovered 
have remained hypertensive and have responded to sympathectomy. 

The patient with hypertension often has neurogenic, renal, and arteriolar 
disease in varying degrees. Further studies related to possible overlaps be- 
tween varieties of experimental hypertension seem indicated. 





* Much of this experimental work was done at the University of Chicago under the 
direction of Dr. D. B. Phemister. 
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The experiments reported below were undertaken to determine whether 
an experimental neurogenic hypertension in the dog could effect the develop- 
ment of detectable renal humoral vasoconstriction. Low cervical cord sections 
were employed to differentiate humoral from reflex vasoconstriction. 

The effect of destroying the cord and of pithing the brain of the normal 
and of the renal hypertensive rat has been reported by Dock and Rytand.* 
Similar studies with the rabbit were reported by Dock. The blood pressure 
of the normal and of the renal hypertensive animals fell rapidly to low levels. 
The rabbits formerly hypertensive exhibited higher elevation of blood pressure 
after the injection of epinephrine than occurred in pithed normal rats. 

Glenn, Child, and Page’ investigated the effect of low cervical cord section 
and destruction of the distal segment of cord upon the blood pressure of dogs 
with hypertension produced by Goldblatt clamps applied to the renal arteries. 
An immediate drop of pressure occurred that was replaced within five to 
25 days by a definite restoration of hypertension levels that approached those 
observed before destruction of the cord. Glenn and Lasker® destroyed the 
spinal cords below C, in normal dogs. Surgical shock with low or impercep- 
tible blood pressure occurred during the first several hours. The blood pres- 
sure returned to normal values after two to seven days. Constriction of 
renal arteries then produced hypertension. 

Cord section at C,; has been employed in six’normal dogs, five dogs with 
renal hypertension, four dogs with neurogenic hypertension of 122 to 176 days’ 
duration, and three dogs with neurogenic hypertension of 15 to 22 months’ 
duration. Chloralose 0.1 Gm./Kg. was administered intravenously before 
each experiment. Artificial respiration. was given routinely through a 
tracheal cannula. Blood pressures were recorded directly from one femoral 
or one carotid artery through tubing connected with a recording mercury 
manometer. Citrate or heparin was used in the tubing fluid. One hundred 
to 300 cc. of saline was given intravenously during the laminectomy. Careful 
hemostasis was employed during the exposure of the lower cervical spinal 
cord to minimize shock. The blood pressure was recorded without disturbing 
the animal for 10 to 20 minutes after exposure. The spinal cord at C, was 
then quickly frozen with CO, and completely transected using sharp scissors. 
A sponge was placed in the defect. The skin edges were clipped together 
over the sponge. Further observations were made without disturbing the 
animal. 


CERVICAL CORD SECTION IN NORMAL DOGS 

The blood pressures of six normal dogs were determined by puncture of 
the femoral arteries. The pressures ranged from 112 to 142, and averaged 
132. After chloralose anesthesia they were again determined by needle 
puncture. The blood pressures ranged from 132 to 148, and averaged 138. 
After cannulae were inserted into the trachea and the femoral artery and the 
eord were exposed the blood pressures ranged from 130 to 152, and averaged 
144. The spinal cord was then frozen and severed at C,;. Twenty minutes 
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later the pressures ranged from 74 to 100, and averaged 89. Sixty minutes 
after cord section the pressures ranged from 50 to 80, and averaged 71. The 
pressures of five observed two hours ranged from 70 to 80, and averaged 77. 
Three observed longer than three hours had further lowering to 64, 68, and 70. 
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Fic, 1.—The average blood pressure of five dogs with renal 
hypertension, four dogs with early neurogenic hypertension, and 
three dogs with late neurogenic hypertension are compared with 
the average blood pressure of six normal dogs before and 20 min- 
utes and 60 minutes after cord section. Elimination of central 
reflex vasopressor control reduces the blood pressure of dogs with 
neurogenic hypertension below control values and leaves the pres- 
sure of dogs with renal hypertension above control values. 


CORD SECTION IN RENAL HYPERTENSION DOGS 

Five dogs with renal hypertension produced by removing one kidney and 
applying tight linen capsules about the other were sacrificed in similar low 
cervical cord séction experiments. Blood pressures by puncture of the 
femoral artery ranged from 202 to 216, and averaged 212. Blood pressures 
by artery puncture under anesthesia ranged from 196 to 228, and averaged 213. 
After preparation and just before freezing and division of the cord the pres- 
sures ranged from 180 to 215, and averaged 197. Twenty minutes after 
severing the cord the pressures ranged from 80 to 170, and averaged 116. 
Sixty minutes after cord section the pressures ranged from 50 to 138, and 
averaged 88. Two hours after section the pressures ranged from 40 to 146, 
and averaged 79. Saline solution was later given intravenously to four of 
the dogs.in amounts varying from 150 to 300 cc. It effected elevation of 
the pressures from a range of 40 to 72, and an average of 61, to a range of 90 
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to 128, and an average of 114. This elevation persisted during the further 
period of observation of 0.5 to one hour. The fifth dog received no saline 
and had a pressure 2.5 hours after cord section of 140. The blood pressures 
of all dogs at the time of sacrifice 2.5 to three hours after low cervical cord 
section ranged from go to 140, and averaged 120. 


CORD SECTION IN EARLY NEUROGENIC HYPERTENSION DOGS 


Four dogs with neurogenic hypertension produced by excision of both 
carotid sinuses, division of one vagus-depressor-sympathetic trunk, and divi- 
sion of the other depressor-sympathetic trunk were sacrificed in similar low 
cervical cord section experiments. The hypertension had been present 122 
to 176 days. Blood pressures by puncture of the femoral artery ranged from 
200 to 256, and averaged 224. Pressures by artery puncture after anesthesia 
ranged from 174 to 260, and averaged 220. After preparation and just before 
freezing and transection of the low cervical spinal cord the pressures ranged 
from 164 to 200, and averaged 188. Twenty minutes after cord section the 
pressures ranged from 52 to 68, and averaged 62. Sixty minutes after section 
they ranged from 44 to 54, and averaged 50. A further decline of pressure was 
observed in dogs observed longer than one hour. ' 


CORD SECTION IN LATE NEUROGENIC HYPERTENSION DOGS 


Three dogs with neurogenic hypertension were observed 15, 21, and 22 
months before being sacrificed in cord section experiments. The arterial 
blood pressures were 238, 234, and 230 before and 194, 242, and 230 after 
anesthesia. The pressures after preparation and before cord section were 210, 
206, and 212. Twenty minutes after section they were 80, 70, and 78. Sixty 
minutes after section they were 86, 70, and 50. The pressure of one dog 
observed 2.25 hours fell from 86 at one hour to 70. 

Discussion.—The blood pressure of normal dogs and of dogs with renal 
or neurogenic hypertension is little altered by chloralose anesthesia or by the 
operative preparation for cord section. Persistence of neurogenic hypertension 
during anesthesia, sedation, and natural sleep has been described.“ Anesthetics 
or rest with sodium amytal, or other sedation, does not differentiate experi- 
mentally or clinically between reflex, humoral, or vascular disease components 
of hypertension. 

The possible relationship between these elements in animals, or in patients, 
with hypertension is important. Elimination of all significant vasoconstrictor 
pathways by a total sympathectomy should block a reflex disturbance but 
should not correct renal or vascular disease. Low cervical cord section experi- 
ments have differentiated experimental renal from experimental neurogenic 
hypertension. The cords were frozen with CO, before section to reduce the 
immediate effect of stimulation of the cord by transection. 

The effect of section of the low cervical spinal cord upon the blood pres- 
sure of normal dogs, renal hypertension dogs, and early and late neurogenic 
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hypertension dogs is illustrated in Figure 1. The dogs with renal hyper- 
tension exceed the blood pressure of the normal dogs before cord section and 
also 20 and 60 minutes after cord section. This is compatible with the presence 
in the blood stream of angiotonen, or hypertensin, acting peripherally inde- 
pendent of central vasoconstriction. Two hours after elimination of central 
vasomotor tone by cord section 150 to 300 cc. of saline elevated the average 
pressure of five renal hypertension dogs from 61 to 114. The higher pressure 
level persisted during the last half-hour to one hour of observation. This 
elevation is also compatible with the presence in the animal of an humoral 
vasoconstrictor capable of increasing blood pressure as the conditions of the 
circulation of the blood are improved. 

Low cervical cord section in animals with early and late neurogenic hyper- 
tension produced a lowering of pressure below the levels observed in normal 
dogs. This lowering was most pronounced in animals with hypertension 
present 122 to 176 days. It was also significant in animals with hypertensions 
of 15, 21, and 22 months’ duration. A moderate hypertension can be pro- 
duced by renal vasoconstriction. Renal denervation, however, does not alter 
experimental neurogenic hypertension.® The relative importance of a renal 
factor in experimental neurogenic hypertension has not been determined. 
The cord section experiments would indicate that loss of the abnormally 
increased reflex vasopressor influences to the entire body left them with less 
than normal intrinsic and humoral peripheral vascular tone. Humoral vaso- 
constrictors, if present, were not able to maintain blood pressures equivalent 


to those of normal dogs. 


CONCLUSION 


The evidence obtained by section of the cervical spinal cord at C, indicates 
that neurogenic hypertension early and after 15, 21, and 22 months does not 
develop a detectable humoral vasoconstrictor influence like that developed in 


renal hypertension by angiotonen or hypertensin. 
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CUTIS GRAFTS 


CLINICAL AND EXPERIMENTAL STUDIES ON THEIR USE AS A REINFORCING 
PATCH 1N THE REPAIR OF LARGE VENTRAL AND INCISIONAL HERNIAE 


Henry N. Harkins, M.D., Pa.D. 


BattTimore, Mp. 


FROM THE DEPARTMENT OF SURGERY, 
JOHNS HOPKINS UNIVERSITY MEDICAL SCHOOL AND HOSPITAL, BALTIMORE, MD. 


SINCE LOEWE’S REPORT, in 1913, cutis grafts have been sporadically adopted 
for two purposes: (1) In the field of plastic surgery where the cutis is 
utilized to fill in tissue defects; and (2) in the operative treatment of hernia 
where patches of cutis are applied to strengthen the repair. 

Cutis may be defined as the deeper layers of the skin which have been 
stripped of their epidermal covering. Anatomically, this includes approxi- 
mately the deeper three-quarters of the thickness of the skin, the entire skin 
averaging about I mm., or 40/1000 inches, in depth. Histologically, cutis em- 
prises the dermal layer with no epidermal covering, but with sebaceous and 
sudoriferous glands and occasional hair follicles as well as some of the under- 
lying subdermal fat. 

Reports in the literature on the use of cutis grafts, particularly as applied 
to the repair of hernia, include the following: 

1. Loewe (1913) reported the use of cutis grafts in five cases of hernia 
and one of tendon repair. In describing the technic for removal of the graft, 
this author stated that the skin was removed with a scalpel in the manner of 
any full-thickness graft. The epidermis was then abraded away by scraping, as 
one would clean a carrot. The remaining tissue was then sutured over the 
defect under tension and the donor area was allowed to granulate and heal 
by second intention. 

‘2. Rehn (1914) reported experiments on the use of cutis material. Strips 
of twisted cutis were used as insert grafts in the Achilles tendon of dogs. Rehn 
stated that under the influence of continual tension, a gradual degeneration of 
epithelial elements occurred, and that the tissue assumed the appearance and 
functions of normal tendon in about ten weeks. 

3. Loewe (1929) extended his observations on the clinical use of cutis 
grafts to almost 100 cases. 

4. Straatsma (1932) used buried cutis grafts for saddle-nose repair. 

5. Uihlein (1939) reviewed the work of Rehn and presented 104 cases 
done in the latter’s University Clinic in Freiburg since 1928. Eighty of these 
operations were for hernia. 

6. Cannaday (1942) was the first writer to report the use of cutis grafts 
in hernial repair in this country, presenting 14 such cases. In 1943, this author 
made a later report, adding to his original cases and bringing the total to 37, 27 
of which were operations for hernia. 

7. Swenson (1943) reported two incisional herniae which were repaired 
with cutis graft reinforcement. 
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8. Scola (1944) reported the use of cutis grafts in the repair of two recur- 
rent inguinal herniae and three incisional herniae. The cutis grafts were pre- 
pared by Scola’s special method (vide infra) and in the operations on two of 
the incisional herniae formed the chief support, it being stated that “the fascia 
could not be closed.” 

g. Cannaday (1944) reported a total series of 107 operations utilizing cutis 
grafts, 56 of which were operations for hernia. Cannaday is at present the 
chief advocate of this technic in this country and expresses his position by 
stating: “Cutis may be used for any and every purpose for which fascia has 
been used, with the expectation of better results. . . . After this clinical 
experience with the uses of cutis (derma) in repair surgery, I am convinced 
that it is one of the most useful autoplastic repair materials that we have, that 
it is superior in strength to fascia lata and of much easier availability ; that suc- 
cess in its use can be expected in a large percentage of cases; that it is of 
especial value in the surgical repair of large incisional herniae.” 


METHOD OF OBTAINING CUTIS 


Cutis is obtained by removing a full-thickness skin graft and, in turn, 
separating the latter into its deep larger (cutis) and superficial layer (epider- 
mis). The cutis is used for the hernial repair and the epidermis is either 
discarded (by some authors) or utilized to cover the donor area as a skin 
graft. These methods can be classified as follows: 

1. Original Loewe Method (1913): A full-thickness graft is removed with 
a scalpel and then the epidermis is scraped off the graft with a razor. The donor 
site is allowed to granulate. 

2. Rehn Method (Uihlein, 1939): A Thiersch graft is removed from the 
thigh and in the exposed bed a cutis graft of desired size is cut. The Thiersch 
graft is presumably resutured over the defect. 

3. Rehn’s “Tiirfliigel’ Method (Uthlein, 1939): The cutis is cut from a 
portion of abdominal wall to be discarded (as when doing a lipectomy in asso- 
ciation with the repair of an incisional hernia). This obviates all necessity for 
closing the donor site. The method is only applicable to obese patients with 
incisional herniae, and has the objection that the neighboring skin is often 
atrophic and contains striae. 

4. Dermatome Flap Method of Swenson and Author (1943): This technic 
is similar to the Rehn method (No. 2 above) except that the epidermis is cut 
off with a dermatome and one end is left attached. This saves time and allows 
for a neater closure of the donor wound. 

5. Method of Scola (1944): A full-thickness dermatome flap (0.040 to 
0.050 inch) is cut and one end left attached. Fresh glue is applied to the derma- 
tome which then shaves the epidermis off the full-thickness flap at a depth of 
0.008 inch, beginning at the attached end. The underlying cutis is then disat- 
tached for use and the free piece of epidermis sutured over the donor defect. 
This method has the advantage of cutting the cutis so that not only its super- 
ficial, but its deep surface is smooth and regular. This also represents the first 
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method where the cutting of the cutis is entirely mechanically controlled and 
where its thickness is known, at least within the limits of accuracy of the 
dermatome. 

6. Split-split Method: In 1945, Zintel. of Philadelphia, reported the split- 
split method for increasing the yield of skin grafts from donor sites of limited 
size in extensive burns. The principle of the method is simply the splitting of a 
Padgett skin graft into two layers of equal thickness on the drum by resetting 
the blade. For adults the entire thickness was 0.020 to 0.028 inches and the 
two component halves were 0.010 to 0.014 inches. The idea presented itself to 
the author of utilizing Zintel’s method for the preparation of cutis grafts. A 
thicker original setting (about 0.040 inches or more) is used and then the 
epidermis is cut off at a depth of about 0.010 to 0.020 inches and sutured on 
the donor area. The inner cutis layer is used for reinforcement of the hernia. 
The cutis so obtained is of known and regular thickness, but if the dermatome 
has a loose axle, tends to be too thin. 


ANALYSIS OF CLINICAL CASES 


Eleven patients, nine with ventral incisional herniae and two with epigastric 
herniae, were operated upon with silk closure of the fascia reinforced with an 
overlying patch of cutis. These operations were performed during the two-year 
period from May 13, 1943, to February 28, 1945. All operations except one 
(Case 4, done by Dr. George Duncan, Resident in Surgery at the Johns Hop- 
kins Hospital) were performed by the author. Cases I and 2 were seen at the 
Henry Ford Hospital, and the remainder of the operations were performed at 
the Johns Hopkins Hospital. 

Age: The patients varied in age from 36 to 56 years, with an average of 
44 years. 

Sex: Eight of the patients were females and three were males. 

Weight: In ten cases where the weight was given all but one exceeded 205 
pounds, with the heaviest patient (Case 4) weighing 263 pounds. 

Previous Operation: Nine patients had previous operations as follows: 
Appendicectomy, with drainage—3 cases, cholecystectomy—z2 cases, pelvic op- 
erations—3 cases, operation for ‘“‘swallowed glass in intestines in 1919’”—I 
case. These operations had all been performed before 1941. 

Duration of Hernia: The onset of the hernia varied from 1924 to 1943, with 
an average date of onset of 1936 (seven years before this series). 

Previous Attempts at Repair: This had been done in five of the 11 cases, 
four of these operations being performed elsewhere. The exception (Case 2) 
deserves further explanation. On December 8, 1942, an hysterectomy and 
Mayo repair of a para-umbilical hernia was performed by the author. Six 
months later a swelling was diagnosed as a recurrence and operation was per- 
formed. Before starting the abdominal part of the operation, a strip of cutis was 
taken from the right thigh by the dermatome flap method. Afterwards, the 
abdominal operation revealed no recurrent hernia and only an aseptic serocele 
containing clear fluid. The wall of the serocele was excised and the cutis used 
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nd to reinforce the already strong previous repair. Two years later the patient 
he presented no signs of recurrence and had no symptoms referrable to the 
operation. 
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Six Fic. 1.—Incisional hernia in a 56-year-old female following hysterectomy in 1932. 





Onset in 10, peeve attempt at repair elsewhere in 1935. Cutis graft repair Septem- 

ber 30, 1944 (Case 8). (A) and (B). Front and side views before operation. (C) and 

per- (D) —— and side io six weeks after operation. The healed donor area on the 
right thigh is seen in ys 

was 


the Size and Description of the Hernia: In all instances the well-known fact 
cele that incisional hernia rings are smaller than they appear to be externally was 
ised demonstrated. However, rings 6x10, 6x13, 5X5, 9x9, 6x9, 9XII, and 13X13 cm, 
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were noted. All sacs came straight out or pointed to the right. In two cases 
two rings were noted. Representative herniae with results after operation are 
shown in Figures I and 2. 





is 
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Fic. 2.—Incisional hernia in a 45-year-old male following appendicectomy, with drain- 
age, elsewhere in 1940. Cutis graft repair February 28, 1945 (Case 11). (A) and (B). 
Front and side views before operation. (C) and (D) Front and side views four weeks 


after operation. 


Anesthesia: In five cases gas-oxygen-ether was used alone, and in one case 
each was supplemented with pentothal and with spinal. In one case continuous 


spinal anesthesia was used. 
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Incision: In eight cases a transverse incision was used, in two, a vertical, and 
in one, the previous right subcostal incision was followed. 

Source of Graft: The right thigh was used in ten cases and the part of the 
abdomen to be discarded after lipectomy was used in another case. 

Associated Lipectomy: This was done in nine of ten cases where there is 
a statement in this regard. 

Taking of the Cutis: This was done by three methods as follows: 

(a) Dermatome flap method, used in Cases I-5 and 7 and 8. This method 
is simpler and more rapid than any of the older technics. It is, however, more 
time-consuming’. than the two methods listed below. The under side of the 
cutis, being cut by*hand with a scalpel, is of necessity irregular. 

(b) Scola method, used in Case 6. This technic is rapid, but requires a 
very sharp blade and has the objection that it is difficult to cut the epidermis 
off the edges of the cutis, and this wastes a considerable portion of the graft. 

(c) Split-split method, used in Cases 9-11. The quickest and most satis- 
factory method. (One of our dermatomes has an axle with considerable loose- 
ness and is not accurate enough to cut split-split grafts of any sort). 

Thickness of the Epidermis: This varied from 9 to 20 thousandths of an 
inch, with an average of 13 thousandths in ten cases. The donor sites healed 
with no appreciable differences, as did the hernia wounds. A section of epi- 
dermis is shown in Figure 3. 

Thickness of the Cutis: This can obviously be measured only when the 
Scola or split-split methods are used. In four cases it varied from 20 to 31 
thousandths of an inch, averaging 24 thousandths. A section of cutis is shown 
in Figure 4. 

Position of the Cutis Graft: In one case the cutis was placed right side up 
and in seven cases it was placed upside down (fat side up). In one instance 
(Case 7) a double thickness of folded cutis was used, the fat side being inside 
on each leaf. No difference in the results was noted. The reason for putting the 
nonfatty side down was the belief that it would unite more easily with the 
fascia beneath. A photograph of a patch of cutis sutured in place is shown in 
Figure 5. 

Cultures: Cultures of the epidermis taken in four cases were all nega- 
tive. These varied from the thinnest (0.009 inch) to the thickest (0.020 
inch) slices of epidermis. In six cases the cutis was cultured and the results 
were negative in four instances (Cases 6, 7, 9 and 10). In two instances, 
as will be discussed later, the results were positive (Cases 8 and T4)... 

Closure of the Fascial Defect: This was transverse in five jnstances, 
vertical in five instances, and oblique in one instance. This corresponds to 
the skin incisions except that in three cases a transverse skin incision was 
followed by a vertical fascial closure. Transverse skin incisions were chosen 
because of the frequent desirability of lipectomy. Silk closure with inter- 
rupted sutures and, if possible, imbrocation of the fascial layers 'was used 
routinely. In no case did a fascial defect remain. In one case the anterior 
rectus sheath was split vertically on each side and folded over the suture line. 
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: The epidermis was removed at 
lit method from the portion of the abdominal wall 
ote the atrophic epidermis which could have been 


adequately removed by a more shallow excision. 


Fic. 3.—Discarded rolled-up epidermis in Case 1o. 
a depth of 0.020 inch by the “es 
to be discarded after lipectomy. 
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Fic. 4.—Portion of rolled-up cutis in Case 11. A full-thickness graft was removed 
at a depth of 0.040 inch (1 mm.) and the epidermis taken off by the split-split method at 
a depth of 0.014 inch, making the resultant cutis 0.026 inch thick. Note hair follicles 
and glands (A); border of epidermis (B) at edge of graft (such a border was removed 
from the piece of cutis that was buried); and an island of epidermis (C) which might 


have been overlooked and buried. 
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Histologic Examination: Sections of the epidermis removed in Case 10, 
at a depth of 20 thousandths of an inch, show that this depth of cutting was 
not necessary (Fig. 3). Sections of excess cutis in six cases all showed 
epithelial elements. This indicates that such an inclusion cannot be entirely 
avoided by cutting the epidermis deeper, unless the cutis itself is made so 
thin that it is of little value for supportive purposes. 


Case 6.—Cutis: In a low power field several hair follicles and a few sebaceous 
and sudoriferous glands are identified. These occur at various depths in the cutis and 
are not just at the superficial edge. (Epidermis 0.009 inch; cutis 0.031 inch additional). 

Case 7.—Cutis: Rather frequent hair follicles are seen at various depths in the 
cutis. One sebaceous gland, several sudoriferous glands and two epidermal pockets 
are identified. (Epidermis 0.012 inch; cutis cut by scalpel.) 

Case 8.—Cutis: No hairs or hair follicles are seen, but there are numerous sudorif- 
erous glands especially near the superficial surface of the cutis. These are, however, 
seen occasionally in the depths of the cutis. One sebaceous gland is identified and one 
patch of epidermis is seen in the surface; this latter is possibly the edge of a hair 
follicle. (Epidermis 0.011 inch; cutis cut by scalpel.) 

Case 9.—Cutis: Few epithelial elements are present. The base of one hair follicle 
is seen at the outer surface and a few sudoriferous glands at various levels. No patches 
of epidermis or sebaceous glands are identified. (Epidermis 0.020 inch; cutis 0.020 inch 
additional. ) 

Case 10.—Cutis: There are few epidermal elements present, but one hair follicle 
and several sudoriferous glands are seen. (Epidermis 0.020 inch; cutis 0.020 inch 
additional.) It is of interest that this cutis as well as that from Case 9 both had the 
most (0.020 inch) epidermis removed, indicating that there is at least a quantitative 
reduction in the amount of epithelium left behind, even though there is not a qualitative 
disappearance of the same, 

Case 11.—Cutis: Several hair follicles and glands are identified, as shown in 
Figure 4. At the edge of the cutis is a portion of unremoved epidermis. This remained 
attached because of rolling of the edge during the split-split process. The piece of 
epidermis was large enough to be visible to the naked eye and was removed from 
the portion of the cutis used for the operation. A smaller piece of epidermis near the 
center of the cutis was probably due to a glue blister on the dermatome. Such a piece 
might easily have been buried in the patient’s wound. (Epidermis 0.014 inch; cutis 
0.026 inch additional.) 


Results: Ten of the 11 patients showed no recurrence of the hernia 
after the short follow-up of from one to 22 months (average eight months). 
All but one follow-up was by direct examination, the exception being by 
letter. Case 10 (weight 259 pounds) which at operation was more a 
diastasis than an hernia still has some diastasis at the upper end of the 
incision on straining. This patient and that in Case 9 still complain of a 
slight pain at one end of the incision. The other nine patients have no com- 
plaints referrable to the operation. The donor site is well healed in all but 
the patient in Case 5 who was last seen only one month after operation. 


OBJECTIONS TO THE USE OF CUTIS GRAFTS IN THE REPAIR OF HERNIAE 


These can be summarized as follows: 
(1) Introduction of infection from bacteria contained in the hair follicles 
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and sudoriferous glands of the cutis. In published reports of clinical cases, 
infection does not seem to be a frequent postoperative complication. In 
Uihlein’s series (1939) of 104 cutis graft operations, 15 wound infections 
(15 per cent) developed. The personal clinical cases cited above also sub- 
stantiate this experience, there being only one case of wound infection 
(Case 11), and in this case the wound culture when the infection had devel- 
oped (hemolytic Staphylococcus albus) did not reveal the .same organism as 
did the cutis culture at the time of operation (heavy grdwth of beta Strep- 
tococcus, Lancefield Group B). The results of cutis cultures in the five 
other tested clinical cases were as follows: Negative in four cases and positive 
in Case 8 (moderate growth of hemolytic Staphylococcus albus and Staphylo- 
coccus aureus). In four cases, portions of the epidermis removed from the 
top of the cutis were cultured with no growth resulting in any instance. 

The animal experiments described below were formulated to further test 
this aspect of the subject: 

(2) Persistence of Epithelial Elements with Resultant Cyst Formation: 
Several writers, particularly Davis and Traut (1926), and Zimches (1931), 
have studied the effects of burying sheets of full-thickness skin in dogs. 
Cysts resulted after three to four weeks, and tended to persist. Peer and 
Paddock (1937) studied the effects of burying fragments of cutis in human 
beings, with histologic observations at intervals of from one week after 
operation. The cutis grafts were prepared by taking a Krause full-thickness 
skin graft from the abdomen. ‘The epidermis was shaved from each section 
as completely as possible with a sharp No. 11 Bard-Parker knife blade, and 
the remaining dermis and fat were inserted beneath the skin of the chest with 
the dermis outermost.” This method did not yield a true cutis graft because the 
authors admitted and their sections demonstrated that “in spite of attempted 
complete removal of the epidermis, some epidermis remained.” This gave 
rise to cysts containing horny material and some hairs. Sebaceous glands 
were noted only in the implants of one week’s duration, hair follicles only 
up to three weeks, while sweat glands persisted for a year, but in later 
sections they were in the process of degeneration and fibrous replacement. 
The cutis grafts fused with the surrounding connective tissue, but the granu- 
lation tissue surrounding the implant was of the chronic inflammatory type 
with lymphocytes, macrophages, epithelioid cells, often giant cells, and in some 
cases granulomatous nodules. The latter contained elements resembling hairs 
in some instances. 

The animal experiments described below were formulated to further test 
the importance of persistence of epithelial elements. Furthermore, since 
the advent of the dermatome, there is now a means of measuring accurately 
the exact depth of cutis used and epidermis removed, as was not the case 
in Peer and Paddock’s experiments. 

(3) Bridging a Fascial Defect is Seldom Necessary in the Repair of 
Herniae: This objection also holds for the use of fascial grafts. The author 
has never seen a ventral or incisional hernia where the fascial layers could 
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not be brought together. The cases of Scola (1944), where large defects in 
the fascia remained and these were covered with cutis, seem incomprehensible 
or are very rare. Swenson and Harkins (1943) reported that in recurrent 
inguinal herniae silk gives just as good if not better results than fascia. The 
indication for cutis would seem to be, therefore, as a reinforcement of an 
already carefully executed silk (or other nonabsorbable material) repair. 

(4) Reinforcement is not Necessary in Small Herniae and Increases the 
already Long Operating Time too much in Large Herniae. This objection 
is valid in many cases, but, on the other hand, a large group of moderate 
sized herniae do appear to be better supported with a reinforcing patch of 
cutis. When the cutis is taken by the split-split method, the additional 
time required is about 20 minutes. When one of the combined dermatome- 
manual technics is used, up to 50 minutes may be consumed in taking and 
applying the graft and in suturing the donor site. When two teams are 
available, this additional time can be cut down to almost nothing. The 
amount of blood lost by the additional procedure is, on the other hand, 
quite small. 

EXPERIMENTAL STUDIES 

Cutis grafts were implanted in 25 experiments upon 14 dogs. The 
grafts were taken by the various methods outlined in discussion of the 
clinical cases and sections and cultures were made of the epidermis and of 
the cutis. Necropsy studies were made as to the gross and histologic fate of 
the grafts. All experiments were undertaken under.ether anesthesia, and 
with routine aseptic technic. 

Experiment 1.—(Dog 1, female, 9.8 Kg.) October 16, 1944. Abdominal Wall 
Implant: A piece of cutis 4 cm. square was removed from beneath a dermatome graft 
of 0.014 inch with a scalpel and was implanted over the rectus sheath on the right side 
with the epidermal side up. Death occurred on the 22nd day from no apparent cause 
and necropsy showed no definite wound infection. There were no evident gross cysts, 
but histologic section revealed numerous horny clusters separated from the rectus sheath 
by a fatty layer. 

Experiment 2.—(Dog 1) Abdominal Wall Implant: A similar graft was placed 
epidermal side down on the left rectus sheath. Gross cysts were present at necropsy 
and histologic examination (Fig. 6) revealed a picture similar to that in Experiment 1, 
except that the horny clusters pointed towards the rectus sheath rather than away from it. 

Experiment 3.—(Dog 2, female, 10.2 Kg.) October 23, 1944. Abdominal Wall 
Implant: A small cutis graft similar to those in Experiments 1 and 2 was placed over 
the muscular fascia of the lower lumbar region with the epidermis down. The wound was 
well healed, as was the donor area, on September 21, 1945 (11 months) when the 
animal which was in good shape was sacrificed. The graft was still present, clean, and 
was fused with the surrounding tissues. Histologic section revealed hairs, small epi- 
thelial-lined cysts, and clusters of epithelial cells, all with practically no sign of surround- 
ing inflammatory reaction. 

Experiment 4.—(Dog 2) Abdominal Wall Implant: A similar graft was placed 
in the upper lumbar region with the epidermis up. The wound is well healed and the 
graft clean and similar to that in Experiment 3 except that it was less demarcated from 
the surrounding tissue on necropsy. Histologic section revealed numerous but scattered 
hairs and hair roots with no sign of surrounding inflammatory reaction. 

Experiment 5.—(Dog 3, female, 9.5 Kg.) November 15, 1944. Jliac Artery 
Ligation: A cutis graft was removed with a scalpel from the back after taking off the 
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epidermis at a depth of 0.010 inch by the dermatome flap method. The epidermis shows 
numerous transected hair follicles as seen in Figure 7. Numerous hairs and glands 
were present throughout the cutis and, in fact, were quite numerous in the fatty tissue 
beneath it as seen in Figure 8. The number of epithelial elements was much larger than 
in the human cases (Fig. 4). Two strips of cutis were used to ligate the right common 
iliac artery twice. Death occurred from inanition without gross wound infection on 
April 9, 1945 (five months). The artery was occluded, but considerable sebaceous 
material was about the site of the ligature. 


iP" 


Fic. 5.—Cutis graft (the white patch in the wound bed) in place (Case 1). The 
cutis graft was taken from the right thigh by the dermatome flap method and is used as 
a patch over the suture line of a modified Mayo-type repair of an incisional hernia. 
This hernia occurred in a male 40 years of age, and was situated in the right subcostal 
region following a cholecystectomy in 1940. One previous attempt at repair had been 
made elsewhere. 


Experiment 6.—(Dog 3) Abdominal Wall Implant: A large piece of the cutis 
(9 x 4 cm.) graft was placed over the right rectus sheath with the epidermal side 
down. At necropsy, this graft was not completely adherent to the rectus sheath. 

Experiment 7.—(Dog 3) Abdominal Wall Implant: A smaller piece of the cutis 
placed over the left rectus with the epidermal side up was well healed and scarred at 
necropsy, but histologic sections showed hairs and chronic granulation tissue. 
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Experiment 8.—(Dog 3) Abdominal Wall Implant: A small piece of cutis was 
placed between the peritoneum and the properitoneal fat with the epidermal side towards 
the peritoneum. At necropsy, it was puckered and sebaceous-like material was grossly 
present. 

Experiment 9.—(Dog 4, female, 11.8 Kg.) November 20, 1944. Iliac Artery 
Ligation: A cutis graft was obtained from the back by the split-split method (epidermis 
0.008 inch, and cutis 0.032 inch additional). Hairs and attached sebaceous glands 
as well as sudoriferous glands made up a good portion of sections of the cutis. These 
were just as plentiful in the middle of the cutis as on its superficial edge, but léss so 
at its deep margin. The left common iliac artery was tied with two strips of cutis 1 cm. 
wide. It tied more easily than when the cutis was cut by hand (Experiment 5). The 
lumen of the iliac artery was quite intact and no remnant of the cutis was found when 
the dog was sacrificed on June 27, 1945 (seven months). 

Experiment 10—(Dog 4) Abdominal Wall Implant: A portion of cutis was 
placed under the left external oblique over the celiotomy suture line with the epidermal 
side out. At necropsy, a sinus came from this wound, and there was a large collection of 
hairs at the site of the graft, with acute infection demonstrated grossly and microscop- 
ically. There was no weakness of the abdominal wall. 

Experiment 11.—(Dog 4) Abdominal Wall Implant: A piece of cutis was placed 
over the left external oblique in the upper abdomen with the epidermal side in. It was 
not adherent at necropsy to the external oblique, but was to the subcuticular structures. 
Hair, sebaceous material and granulation tissue were present, grossly and microscopically. 

Experiment 12.—(Dog 5, male) November 20, 1944. Abdominal Wall Implant: 
A cutis graft was obtained from the chest by the split-split method (epidermis 0.016 
inch, and cutis 0,024 inch additional) and placed epidermal side down over the right 
external oblique. A piece of the epidermis when sectioned showed transected hair fol- 
licles as did the cutis strip. The animal died from pneumonia on the seventh day. The 
wounds on the right side were infected (see also Experiment 14) but were not on the 
left (see Experiment 13). The cutis seemed to be attached, however. 

Experiment 13.—(Dog 5) Abdominal Wall Implant, Double Thickness: Another 
strip of cutis was sutured after folding it double with the epidermal side inside beneath 
the left external oblique. At necropsy this graft was clean and no infection or sebaceous 
material was noted grossly. Microscopically, a small abscess, 0.5 x 4.0 mm., containing 
polymorphonuclear neutrophils was present as well as sebaceous material and hairs. 

Experiment 14.—(Dog 5) Homologous Graft, Abdominal Wall Implant, Double 
Thickness: A piece of cutis obtained from another dog that died from anesthesia, and 
taken by the same technic, was placed without suturing over the right external oblique 
after folding double with the epidermal side out. At necropsy this graft was infected, 
but firmly attached. 

Experiment 15.—(Dog 6, female, 10.5 Kg.) November 27, 1945. Abdominal Wall 
Implant, Rolled Up: A cutis graft 8 x 11 cm. was taken from the lower chest by the 
split-split method (epidermis 0.020 inch, and cutis 0.020 inch additional). Half of this 
was rolled up with the epidermal side outside under the skin of the right groin through 
a midline incision. Sections of epidermis and cutis were similar to those in Figures 
7 and 8. The animal was sacrificed June 27, 1945 (seven months). The wound was 
clean and no evidence was found of the cutis graft. The donor area to which the 
epidermis had been resutured was w7ll healed, but practically hairless. 

Experiment 16.—(Dog 6) Abdominal Wall Defect: The other piece of cutis fell 
on the floor, but was washed in saline and was sutured in a 10 x 3 cm. excised defect 
of the left lower abdominal musculature (oblique muscles and rectus abdominus) against 
the transversalis muscle and peritoneum with the epidermal side down. At necropsy 
the graft was well fixed and clean. Sections showed no sign of infection or epithelial 
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_ Fic. 6.—Necropsy specimen of cutis graft from Dog 1, taken 22 days after oper- 
ation. The graft was placed upside down on the rectus abdominis muscle. Note the 
numerous horny nests. 





Fic. 7.—Rolled-up epidermis from Dog 3, taken at a depth of 0.010 inch. Note 
the numerous bisected hair follicles, some of which are seen at (A). 
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remnants and only traces of hemosiderin deposits. Sections of the donor area to which 
the unused epidermis had been regrafted showed essentially normal skin, 

Experiment 17.—(Dog 7, female, 9.8 Kg.) Aortic Ligation: A cutis graft 8 x 12 
cm. was taken from the chest by the split-split method (epidermis 0.020 inch, and cutis 
0.020 inch additional). Marcks’ copper gauges were used to measure the thickness of 
the grafts in this and in ensuing experiments. Sections of epidermis and cutis wei: 
similar to those in Figures 7 and 8. Three strips I x 12 cm. were used to ligate the 





Fic. 8.—Rolled-up cutis graft from Dog 3. The epidermis was removed 
at a depth of 0.014 inch, and the cutis removed from the underlying hed 
with a scalpel. Note the large number of epithelial elements as compared to 
the human case seen in Figure 4. 
abdominal aorta. A triple tie was used in each case and the knots were transfixed with 
one silk suture which did not surround the aorta. On the twelfth day the animal died 
of distemper. The donor area to which the epidermis had been resutured was entirely 
healed. All wounds were healed and clean. The aortic ligatures had atrophied and the 
lumen was reduced by only one-third. 

Experiment 18—(Dog 7) Abdominal Wall Defect: 2.5 x 7.5 cm. area of 
oblique muscles was excised and the remainder of the cutis graft was fastened with 
interrupted silk sutures in place, epidermal side down, over the transversalis muscle. 
At necropsy, the graft was clean and was quite adherent on its lower (epidermal) 
surface, but not quite on its upper surface. A section of the cutis shown in Figure 9 
demonstrates good fusion to the surrounding structures, but with contained epithelial 
elements including hair follicles. A section of the grafted donor area shows the graft 
viable and united with the underlying structures by a thin zone of granulation tissue. 
Sections of the abdominal wall showed the muscle quite adherent to the underlying in- 
ternal oblique. A moderate number of hairs and hair follicles were fused with the 
surrounding tissue. Round cells were seen but no polymorphonuclear neutrophile col- 
lections were found. 

Experiment 19.—(Dog 8, female, 7.7 Kg.) January 15, 1945. Aortic Ligation: 
Two strips of cutis 1 cm. wide obtained by the split-split method from the chest 
(epidermis 0.020 inch, and cutis 0.020 inch additional) were used for ligatures of the 
abdominal aorta. The knots were sutured with silk to prevent slipping but the silk 
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did not surround the aorta. The animal died of distemper on the 17th day. The aortic 
lumen was not reduced. The cutis had degenerated into a mass of sebaceous material 
about 12 mm. in diameter, No true pus was present. The donor areas to which the 
epidermis had been resutured were entirely healed. 

Experiment 20.—(Dog 9, female) March 5, 1945. Abdominal Wall Defect: 
A cutis graft obtained by the split-split method from the upper abdomen (epidermis 
0.020 inch, and cutis 0.020 inch additional) was sutured in a defect of the entire thickness 
of the abdominal wall below the subcutaneous tissue measuring 2.5 x 7.5 cm. Sections 
of a portion of the cutis showed it to be irregular in thickness with one side composed 





Fic. 9.—Cutis graft in place at necropsy 12 days after operation in Dog 7. A strip 
of cutis was obtained from a full-thickness graft of 0.040 inch by splitting it in two by 
the split-split method and utilizing the deeper half. An area of external and internal 
oblique muscles, 3 x 1 inches, was excised and the strip of cutis fastened upside down 
on the transversalis muscle (T). The cutis lies beneath the superficial fascia (F) and 
joins the oblique muscles (O) on the right. It contains epithelial elements, including 
hair follicles. 
mainly of fat and containing practically no epithelial elements while the other side 
contained many hair roots and some hairs. The graft was sutured to the cut edges of 
the surrounding muscles with the epidermal side facing the intestines. The donor site 
to which the epidermis was resutured was entirely healed in one month. At the time 
of sacrifice on September 21, 1945 (6.5 months) the animal was in excellent condition 
and there was no sign of hernia. All wounds were well healed. Histologic section of 
the donor skin grafted area showed good epithelium with hairs and other accessory 
epithelial elements. A surrounding edge of second degree scar-healing showed a thin 
layer of epithelium with very few hairs. The graft was firm, but not as strong as the 
surrounding tissues and had shrunk to a size of 7.0 by 2.5 cm. Histologic section of the 
cutis graft scar showed many small cysts containing hairs and epithelial buds. 
Experiment 21.—(Dog 10, female) March 12, 1945. Abdominal Wall Defect: 
This was exactly similar to the preceding experiment except that the epidermal thickness 
was 0.018 inch, and the cutis 0.022 inch, and the cutis was placed epidermal side out 
in the abdominal wall. Sections of a portion of the cutis showed it to be mainly fat. 
Few epithelial elements were present and these included hairs, hair roots, and one demon- 
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strable sudoriferous gland. The animal was found dead on April 4, 1945 (23 days) with 
minimal distemper. The donor site was only 50 per cent healed. The cutis graft was 
well healed and clean. The defect had shrunk to 3 x 6 cm. Sections showed that the 
graft was of poor quality containing considerable fat, a very occasional hair but no other 
epithelial elements. One small collection of polymorphonuclear neutrophils lay beneath 
the skin at the edge of the graft but superficial to it. 

Experiment 22.—(Dog 11, female) March 21, 1945. Diaphragmatic Defect: 
A cutis graft of a thickness similar to that of the last experiment was taken from the 
abdomen and sutured into a full-thickness excised defect in the left diaphragm through 
a transthoracic approach with the epidermal side towards the chest. Sections of a portion 
of the cutis revealed a thin layer of muscle with fat on each side and with no epithelial 
elements, On July 19, 1945 (four months) the dog was well, the donor site was well 
healed and the wound was clean. Death occurred on August 28, 1945. Necropsy was 
not performed. 

Experiment 23.—(Dog 12, female, 4.5 Kg.) March 28, 1945. Abdominal Wall 
Defect: A cutis graft of thickness similar to that in the last two experiments was taken 
from the upper abdomen and sutured into a whole-thickness defect of the abdominal 
wall musculature about 2.5 x 9 cm. Sections of the graft showed it to be very uneven 
in thickness. In one place it had practically no cutaneous elements, in another a great 
many. The graft was folded double with the epidermal layer inside facing itself. The 
animal was sacrificed on June 27, 1945. The donor area was entirely healed. The 
abdominal wound was entirely clean and healed and represented a perfect result. There 
was no weakness. The defect measured 3 x 9 cm. The intestines were not adherent to 
the underside of the graft but the omentum was slightly attached. The graft was well 
adherent in its upper surface. Histologic section showed a thick layer of relatively 
normal fibrous tissue containing very occasional hairs. 

Experiment 24.—(Dog 13, female, 5.2 Kg.) March 29, 1945. Diaphragmatic De- 
fect: A cutis graft taken from the abdomen by the split-split method (epidermis 0.014 
inch, and cutis 0.026 inch additional) was sutured to a 2.5 x 4 cm. defect in the diaphragm 
with the epidermal side towards the chest. The animal died in four hours, and at necropsy 
the graft was seen to be quite intact. 

Experiment 25.—(Dog 14, female, 6.0 Kg.) April 2, 1945. Diaphragmatic Defect: 
A graft similar to that in Experiment 24 was sutured to a diaphragmatic defect 4 x 6 cm. 
with the epidermal side towards the chest. The animal was sacrificed on June 27, 1945 
(2.5 months). The donor site was entirely healed and the chest wound was clean. The 
graft was intact without weakness and was firmly attached to the lung and only 
partially attached to the liver. Sections of the cutis at the time of operation were sim- 
ilar to Figure 8 except that epithelial elements were not so widely distributed. His- 
tologic examination of the graft at necropsy revealed an intact graft firmly adherent to 
the underlying lung and in places adherent to the liver. The graft contained a few 
hairs and hair roots and sebaceous cysts 0.5 mm. or less in diameter. No notable signs 
of inflammation were present. Sections of the donor site revealed an intact but thin 
epithelium with hairs and underlying glands. 


RESULTS OF CULTURES 


Aerobic and anaerobic cultures of the cutis obtained from the first five 
dogs all showed only a gram-positive anaerobic gas-forming bacillus with 
no spore formation or branching. In one case (Dog 3) where incidentally 
only a thin (0.010 inch) layer of epidermis was removed, an additional 
growth of Staphylococcus aureus was observed. At necropsy the wounds of 
Dogs 4 and 5 were grossly infected. 
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ANALYSIS OF EXPERIMENTAL DATA 

A total of 25 experiments on 14 dogs included 13 abdominal implants, 
five bridging of abdominal wall defects, two ligations of the common iliac 
artery, two ligations of the abdominal aorta, and three bridging of dia- 
phragmatic defects. 

In the series of 13 abdominal wall implants at various levels and positions, 
all examined at necropsy, no remnant of the graft was found in one case, 
granulation tissue or pus was found four times, gross hairs in two instances, 
gross sebaceous material in two instances, sinuses once, and apparently clean 
healing six times. In eight experiments histologic sections were made and all 
revealed epithelial elements including two in which no gross hairs were 
evident. In 12 instances where fusion of the graft to surrounding surfaces 
could be noted, fusion was present on both surfaces eight times, on the fat side 
but not on the epidermal side of the graft twice, and the graft was not 
adherent at all in two instances. Of the 13 grafts observed, only six were 
without some complication (pus, hair, sebaceous material, entire disappear- 
ance of the graft, etc.). 

In the series of five bridging of abdominal wall implants, all examined 
at necropsy, on gross examination all showed complete absence of hair, pus, 
cysts, etc., Three grafts were adherent on both surfaces and one on the epi- 
dermal surface only. Histologically, hair was present four times and ab- 
sent once.: 

In the series of two common iliac ligations, in one there was no remnant 
of the graft and no occlusion of the artery, and in the other the artery was 
occluded, ‘but a mass of sebaceous material was present. 

In the series of two aortic ligations, in neither case was the aorta occluded. 
In one the graft had disappeared, in the other a sebaceous mass was present. 

In the series of three diaphragmatic defects of two animals examined 
at necropsy no gross evidence of abnormal healing was observed (one animal, 
Experiment 24, died after only four hours; the other, Experiment 25, was 
sacrificed after 2.5 months). The graft was adherent mainly on its epi- 
dermal surface in Experiment 25, and sections in this case revealed hairs 


and sebaceous cysts. 


NOTE ON THE USE OF WHOLE SKIN AS A SUBSTITUTE FOR FASCIA (AND FOR CUTIS) 


In the January, 1945, issue of the British Journal of Surgery an article 
by Mair of Aberdeen, Scotland, appeared on the use of whole skin grafts 
as buried patches for the repair of hernia. This author reports the use of 
this method in 88 herniae, and studied the results of whole skin implants 
in rabbits. ‘This same author has another article in a recent issue of the 
American: Journal of Surgery. Despite the excellent results reported with 
this method, it would appear to be more risky than the use of cutis, but 
these articles deserve reading. It would seem that while one layer of 
cutis might be weaker than one layer of whole skin, two layers of cutis would 


1012 








od 


—_— — ~~ al 


os. rr te 6 Ue 





Volume 122 CUTIS GRAFTS 


Number 6 


be stronger and still not have as many epithelial elements combined as the 
single layer of skin. 
SUMMARY 

A cutis graft reinforcement patch was used in the surgical repair of 11 
cases of large ventral or incisional herniae. These herniae were in most 
instances chosen for this type of repair because of their large size and 
associated obesity of the patient. Seven cases were specifically selected from 
a large number of ward patients because of the magnitude of the hernia. 

In all cases the fascial layers were closed with silk sutures and the cutis 
acted only as a supportive patch. The cutis was obtained by four methods: 
(1) Dermatome flap; (2) Scola double graft; (3) split-split; and (4) from 
tissue removed from the region of the hernia by lipectomy. In all cases, 
except when the fourth method rendered it unnecessary, the donor area was 
again covered with the removed epidermis. 

The results of the operation were completely satisfactory in. all but one 
instance (Case 10). In this instance some diastasis of the upper end of the 
wound recurred. It is impossible to state, however, that the basic silk 
repair, often by the Mayo technic with imbrocation, might not have been 
equally satisfactory and that the cutis graft was superfluous. 

The chief objections to use of cutis grafts have been met in these clinical 
cases as follows: (1) Infection with drainage occurred in only one wound, 
and in that instance was associated with finding a different organism from 
that cultured from the cutis at the time of operation. (2) Cyst formation 
from persistent epithelial elements has to date caused no obvious trouble in 
any case. (3) Increased operating time has been largely obviated by use 
of the split-split method. 

Variations in the technic whereby single and double layers of cutis were 
used; whereby in different cases the cutis was placed epidermal side down 
(seven instances) and epidermal side up (one instance) ; whereby the thick- 
ness of the removed epidermis and of the cutis itself was varied, all seemed 
to have no effect on the results. 

While the results of the human cases were in general quite satisfactory, 
the animal experiments were accompanied by a high incidence of complica- 
tions. In all cases but one of the 14 where sections of the buried graft were 
taken at necropsy, epithelial elements were present. Pus, hair, sebaceous ma- 
terial, or sinuses were observed in 18 out of 24 experiments (75 per cent) in 
which the graft was observed at necropsy. In four other instances no epithelial 
remnant of the graft was found and in the two remaining cases the intact graft 
was observed. Most of these complications followed the insertion of the cutis 
as abdominal implants or its use as arterial ligatures. The experiments where 
the graft was actually sutured under tension to close muscular defects in the 
abdominal wall or diaphragm were much better, with no gross complications 
of healing being observed in six such experiments. 

Ligations of the abdominal aorta and common iliac arteries were not 
successful with cutis strips. Either the artery was not occluded or. the cutis 
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degenerated into sebaceous material. The reéstablishment of continuity of the 
arterial lumen is possibly attributable to the elasticity of the cutis. 

The difference between the human and animal experiments would seem 
to be a quantitative rather than a qualitative one. It is impossible to remove 
all of the epithelial elements from the cutis without excising such a thick 
layer of epidermis that no dermis is left behind. It was one of the initial 
hopes of this investigation that with the modern precise methods of taking 
grafts at known depths the optimum thickness of cutis and of removed 
epidermis might be ascertained. Actually, it seems to make little difference 
because once the superficial epidermis is shaved off—and this can be done 
by a very shallow setting of the dermatome (0.008 inch, or even less )—the 
epithelial elements in the underlying cutis penetrate deeply. It is true that 
quantitatively the deeper one removes the epidermis the less the remaining 
cutaneous remnants, but also the less the remaining cutis. This quantitative 
difference is especially noticeable in the animal experiments where a large 
amount of epithelial material in the cutis (estimated histologically in area 
as 50 times as much, or more, in a section of cutis of equal size) is far 
greater than in a human cutis graft. 


CONCLUSIONS 


I. Quantitative studies on cutis grafts cut at various thicknesses indicate 
that superficial removal of the epidermis need be no more than 0,008 inch. 

2. A relatively nonhairy donor site is desirable to avoid as much as 
possible the inclusion of hair follicles and attached glands. The danger of 
such an inclusion is essentially quantitative rather than qualitative, but is 
always to be considered. With adequate skin preparation infection does 
not seem to be a major menace. 

3. The split-split method is the most useful technic for obtaining cutis 
grafts. 

4. It seems to make little difference whether the cutis is used with the 
epidermal side up or down, or whether it is inserted in single or double sheets. 

5. Cutis grafts should be applied under tension and when used in the 
surgical treatment of hernia should be fastened as a supporting patch over 
the suture line of an otherwise adequate repair of the fascial layers with 
nonabsorbable sutures. 

6. Cutis grafts as used in these experiments are not suitable for ligation 
of major arteries. 
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THE PATHOGENESIS OF LOCALIZED FIBROUS LESIONS IN THE 
METAPHYSES OF LONG BONES 


C. Howarp Hartcuer, M.D. 
Cuicaco, Int. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, 
DIVISION OF ORTHOPEDIC SURGERY, CHICAGO, ILL. 


LOCALIZED BENIGN FIBROUS LESIONS which are situated in the metaphyses 
of long bones have been described under a variety of diagnoses. The diverse 
interpretations accorded examples of this disorder have been due mainly 
to overemphasis on various secondary characters prominent in the natural 
course of the condition. Phélip,’ and Burman and Sinberg,’ among other de- 
scribed typical examples of this fibrous lesion as solitary xanthoma, not 
recognizing that the lipoid accumulation was a secondary manifestation. Super- 
ficial resemblance of the fibrous lesions to solitary bone cyst and to benign 
giant cell tumor led Geschickter and Copeland* to interpret them as variants of 
these disorders. Phemister,* in 1929, reported on the pathologic character- 
istics of a group of localized, nonsuppurative lesions of bone which he termed 
fibrous osteomyelitis. Included in his cases were instances of the lesion now 
identified as osteoid osteoma as well as examples of metaphyseal fibrous defects. 
In 1942, Jaffe and Lichtenstein’ demonstrated the various stages in develop- 
ment of solitary fibrous lesions of bone, interpreted them as benign tumors 
formed from matured marrow connective tissue and applied the name non- 
osteogenic fibroma of bone. 

The purpose of this presentation is to demonstrate the clinical, roentgen- 
ologic and pathologic findings in the various stages of the lesion’s development 
and regression. Attention is brought to the frequency with which evidence of 
concomitant disturbances in epiphyseal cartilage and in bone are observed. 
The significance of this observation in the pathogenesis of the fibrous meta- 
physeal lesion is discussed. The basis for this report is the study of 45 pa- 
tients in whom were identified 51 lesions of the type under discussion. 
Lesions were found in more than one bone in five patients. There are 28 
males and 17 females in the group. That the disorder has its inception 
during the period of longitudinal growth of bone is indicated by the fact 
that all except seven patients were children at the time of recognition of the 
abnormality. The defects in the bones of adult patients showed roentgeno- 
graphic evidence indicative of long duration of the disorder. The youngest 
patient who had a metaphyseal defect was six years, and the oldest was 40 years 
at the time diagnosis was made. 

In all these cases the lesion was in the long bones of the lower extremities. 
Jaffe and Lichtenstein found in ten cases one with localization in the distal 
end of the ulna. In the present group the lesions are distributed in the 
skeleton as follows: Thirty-two in the distal portion of the femur; 11 in the 
proximal portion of the tibia; five in the distal metaphysis of the tibia; and 
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two in the distal third of the fibula. All of them are situated in the metaphysis 
or adjacent shaft where they are usually eccentrically placed. The defect 
often abuts on the cortex or occupies a portion of it. 

A typical example of a metaphyseal fibrous defect, illustrating its eccentric 
location in the distal end of the femur, is seen in the following case: 


Case 1.—E. S., male, age 17, had recurrent attacks of pain in the left knee for 1.5 
years. Examination showed evidence of fluid within the knee joint and localized tender- 
ness mesially over the distal end of the femur. Roentgenograms (Fig. 1) show a zone 











Fic. 1.—Case 1: Roentgenograms show area of reduced density 
mesially in the metaphysis of femur. 


of reduced density mesially in the metaphysis which occupies a portion of the cortex. It 
is demarcated from surrounding bone by a narrow scalloped sclerotic margin. Bloc 
excision of this focus was done. The specimen (Fig. 2) presented as a fibrous mass with 
brownish discoloration, occupying a smooth-walled cavity in the bone. The outer 
cover of the cavity is periosteum which blends into the fibrous tissue of the focus, A 
slight amount of periosteal new bone is present here. Microscopic examination (Fig. 3) 
discloses whorls and strands of fibrous tissue with small areas of recent hemorrhage and 
blood pigment deposition. Scattered multinucleated cells are found; also, in some areas, 
lipoid-containing macrophages are observed. The bony wall shows evidence of bone 
absorption in some regions ; in others, bone apposition is apparent. There is no ossification 
within the fibrous mass. The zone of reactive bone about the focus is narrow and the 
surrounding marrow is normal. The patient’s symptoms were relieved by operation, and 
he is well, four years later. 


In five patients there were lesions in more than one bone. Two had defects 
in the tibia and femur of the same extremity. One had lesions in both 
femora and in one tibia. Both tibiae were involved in one case and both 
femora in another. Although the lesion is unilocular there are occasionally 
seen smaller separate adjacent foci. 
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Involvement of more than one bone is illustrated in the following two 
cases: 


Case 2.—C. C., female, age ten, had pain, tenderness, and slight swelling over the 
left tibial tubercle for two weeks. A clinical diagnosis of Osgood-Schlatter’s disease was 
made. Roentgenograms (Fig. 4) show an area of reduced density with marginal sclerosis 
in the distal portion of each femur and in the proximal end of the right tibia. The one 
in the right tibia is close to the epiphyseal disk. In the right femur the lesion is in the 
shaft, further from the growth disk, and has greater sclerosis about it. The lateral 





Fic. 2.—Case 1.—Photograph of bloc shows defect in cortex filled with fibrous 
tissue. 


cortex of the left femoral metaphysis is the site of a smaller lesion. The left tibial tubercle 
is of irregular density. The symptoms in this patient were connected with changes in 
the tibial tubercle. The metaphyseal foci caused no pain and no treatment was given them. 

Case 3.—N. W., female, age 11, had tuberculosis of the right hip for which arthrodesis 
was done at the age of four years. There were no symptoms referable to the knees. Roent- 
genograms of both knees were made for examination of the epiphyseal cartilage disks be- 
cause of limb length inequality. These roentgenograms (Fig. 5) disclose an area of rare- 
faction in the proximal metaphysis of each tibia. That in the left tibia borders on the 
epiphyseal cartilage. In the right tibia a similar area is situated further from the epiphys- 
eal line and encroaches upon the medial cortex. 


The symptoms produced by this defect are usually mild. In several 
instances its presence was discovered in roentgenograms made because of 
recent injury to the limb. Pain, when present, is mild, intermittent, and often 
referred to the neighboring joint. Local tenderness over the involved area 
is present when the lesion lies in, or close to, the cortex. Symptoms and 
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physical findings of epiphyseal disturbances led to the discovery of the asso- 
ciated metaphyseal disorder in 14 patients. 


ROENTGENOGRAPHIC APPEARANCE 
The roentgenographic appearance of the metaphyseal defect is distinctive, 
and in conjunction with clinical findings diagnosis can be made with consider- 
able certainty. Early, there is a limited area of reduced density in the meta- 





Fic. 3.—Case 1: Photomicrograph shows whorls and strands of 
fibrous tissue with scattered multinucleated cells. 


physis close to the epiphyseal disc. Later, the area is apt to be elongated in 
the direction of the axis of the bone and show sharp demarcation from sur- 
rounding normal bone by a narrow shell of bone sclerosis. Irregularly scal- 
loped margins give the appearance of loculation on the roentgenograms. 
Through longitudinal growth of the bone the defect comes to lie further from 
the epiphyseal cartilage. Also, in the process of tubulation of the metaphysis 
the defect may eventually occupy a part of the cortex of the bone. In this 
case periosteal reaction may produce the shadow of overlying periosteal new 
bone. In lesions long present there may be roentgenographic evidence of 
progressive ossification at the periphery, with resulting marginal sclerosis 
several millimeters in width. Sometimes dense ossification may fill out part 
or all of the area, leaving a zone of increased density in the roentgenogram. 
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Fic. 4.—Case 2: Roentgenograms show an area of reduced density with marginal 
sclerosis in the right femoral as well as tibial metaphysis. In the left femur a smaller 
area lies in the lateral cortex. 


PATHOLOGY 
Surgical removal of the lesion was done by curetting or by bloc excision 
in 17 of the patients. This material afforded means for study of the histologic 
nature of the process at various stages. 
The pathologic appearance, like the roentgenographic, varies somewhat 








Fic. 5.—Case 3: Roentgenograms show areas of reduced den- 
sity in both tibial metaphyses. That in the left tibia borders on 
the shadow of epiphyseal cartilage. In the right tibia it encroaches 
upon the shadow of the mesial cortex. 
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Fic. 6.—Case 4: Roentgenograms show ovoid area of reduced 
density which expands shaft of fibula. 


with the age and activity of the lesion, and different areas in the same focus 
may demonstrate a variety of pathologic findings. The basis of the lesion in 
all stages is a fibrous connective tissue which occupies a smooth-walled, some- 





Fig, 7-—Case 5: Roentgenograms show large area of reduced 
density in distal metaphysis of tibia. The shadow of an oblique 
fracture is visible in lateral view. 
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times partially loculated, cavity in the bone. The bony wall may show evi- 
dence of absorption by the connective tissue, or, in areas, there may 
be bone apposition. Beyond the narrow zone of hypertrophied wall the 








Case 6: Roentgenograms show shadow of tibial tubercle irregular in form and 


Fic. 8. 
density. In adjacent metaphysis there is oval area of reduced density. 








Fic. 9.—Case 7: Roentgenograms show area of reduced density in proximal metaphysis 
of tibia near growth disk. 


marrow is normal. The recently formed focus shows a relatively cellular 
fibrous tissue with scattered multinucleated cells while in what appears to be 
a somewhat older lesion the fibrous tissue is arranged in strands and whorls. 
Numerous areas of recent hemorrhage and old blood pigment are seen. 
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Multinucleated cells may be more numerous than in the early stage. Lympho- 
blasts are found scattered through the fibrous tissue. Lipoid-filled macro- 
phages are often present in focal collections or diffusely scattered through 
defects where roentgenographic evidence indicates a lesion of long duration. 
The lipoid deposition is evidence oi chronicity and is not a primary feature of 
the disorder. 

Characteristic roentgenographic and pathologic findings are illustrated in 
the following two cases. These sizable lesions, situated about the ankle, show 
bone reaction around them—indicative of relatively long existence: 


Case 4.—M. G., age ten, female, had slight pain over lateral side of right ankle for 
three weeks. Examination revealed minimal tenderness over the distal end of fibula. 
Roentgenograms (Fig. 6) show an ovoid area of reduced density in the fibula 2 cm. 
proximal to the growth disk. This slightly expands the fibular shaft while the limits 
of the lesion are demarcated by a narrow shell of sclerosis. Surgical removal by 
curetting was done. Histologic examination shows moderately cellular fibrous tissue 
arranged in whorls and strands, and scattered with numerous multinucleated cells. Roent- 
genograms, ten weeks after the operation, showed repair of the defect. 

Case 5.—L. G., male, age ten, had no symptoms referable to the left leg until he 
sustained a fracture of the tibia following mild trauma. Roentgenograms (Fig. 7) at 
this time disclosed a 2 x 2 x 4-cm. area of rarefaction in the tibia, 2 cm. from the 
distal epiphyseal disk. This has its longer diameter in the axis of the shaft, which it 
expands slightly. The irregular shadow of a narrow zone of bone sclerosis circumscribes 
the area and irregular trabeculation gives the appearance of multiloculation. An oblique 
fracture through the lesion is seen in the lateral view. Curetting resulted in complete 
healing. Microscopic examination shows typical fibrous tissue with moderate numbers 
of multinucleated cells. 


THE RELATIONSHIP BETWEEN METAPHYSEAL DEFECTS AND DISTURBANCES 
IN EPIPHYSEAL BONE AND CARTILAGE 

Disturbances of epiphyseal bone and cartilage were found in conjunction 
with metaphyseal defects in 14 of 45 patients. In fact, the symptoms of joint 
derangement led to roentgenologic examination, which disclosed the meta- 
physeal lesion. Osteochondritis of the tibial tubercle, Osgood-Schlatter’s dis- 
ease, was the most frequent associated epiphyseal disturbance being found in 
eight patients, who also had metaphyseal lesions. These patients complained 
of painful knee and had tenderness to pressure over the tibial tubercle. Their 
roentgenograms show irregular form and density of the epiphyseal bone of 
the tubercle and irregularly reduced density in the adjacent metaphyseal bone. 

The following three cases demonstrate this association of. metaphyseal 
defects with disturbance of epiphyseal bone: 


Case 6.—J. R., male, age 12, had pain about the left knee for two months. There 
was tenderness and swelling at the tibial tubercle. Roentgenograms (Fig. 8) show 
irregularity in density and form in the shadow of the tibial tubercle. In addition, there is 
in the metaphysis of the tibia, 1 cm. distal to the tubercle, an oval area of reduced density 
with sclerotic margins. 


In the next case excision of a metaphyseal lesion connected with Osgood- 
Schlatter’s disease gave opportunity for histologic confirmation of its identity. 
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; "Cage 7.—A. C., age ten, had pain and tenderness at the left tibial tubercle for four 

montlis. The roentgenograms (Fig. 9) show a zone of reduced density in the tibial 

metaphysis 1.5 cm. from the growth disk. Excision of the area was done. The his- 

tologic preparation (Fig. 10) shows fibrous tissue with miultinucleated cells identical 
_-with that seen in the other cases. 





Fic. 10.—Case 7: Photomicrograph shows fibrous tissue with 
occasional multinucleated cells. 


Another case shows long persistence of the metaphyseal lesion which 
together with Osgood-Schlatter’s disease arose from a disturbance at the 
growing epiphysis. 


Case 8.—J. Y., male, age 13, had painful and tender tibial tubercles for two years. 
Roentgenograms showed irregular density and form of both tubercles and, in addition, 
that of the left tibia (Fig. 11a) discloses small areas of reduced density in the adjacent 
metaphysis. Four years later a roentgenogram (Fig. 11b) shows a rounded zone of 
reduced density with sclerotic margins. 


Metaphyseal foci associated with Osgood-Schlatter’s disease were observed 
in both the distal femur and proximal tibia in two patients and, in three, foci 
were visible in the femur but not in the tibia. The multiplicity of lesions in 
metaphyses found associated with an epiphyseal alteration must mean that the 
underlying disturbance is more extensive than has been recognized. 

Osteochondritis dissecans of the femoral condyle was found in connection 
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Fic. 11.—Case 8: Roentgenogram A shows small areas of reduced density in proximal 
tibial metaphysis adjacent to tibial tubercle which is irregular in density and form. 
B. Four years later, shows rounded zone of reduced density with sclerotic margins. 








Fic. 12.—Case 9: Roentgenograms show shadow of wedge of bone of 
greater density separated from medial condyle (a); large area of reduced 
density with sclerotic margins in proximal tibia (b); the shadow of a smaller 
area of reduced density is visible medially in femur (c). 
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with metaphyseal foci in four patients. An area of demarcated rarefaction was 
observed in the distal femoral metaphyses in all these patients. The following 
patient had also a metaphvseal defect in the proximal tibia. 


Case 9.—G. O., male, age 17, had, for nine years, noted intermittent aching in the 
left knee. For the past four months there had been attacks of painful catching of the 
knee in flexion. Roentgenograms (Fig. 12) disclose, in addition to the shadow of a 
separated wedge of articular bone in the lateral portion of the medial femoral condyle, 
two circumscribed areas of reduced density in the metaphyses on either side of the joint. 





Fic. 13.—Case 9: Photomicrograph shows fibrous tissue with multinucleated 
cells and lipoid filled macrophages. 


The one in the tibia is the larger and has more sclerosis about it. In the femoral meta- 
physis the area is smaller and has little evidence of surrounding bone reaction. At 
operation, the osteochondritic fragment was excised and the metaphyseal focus in the tibia 
was curetted. The material within the bone cavity was yellowish fibrous tissue. Microscop- 
ically, it consists of fibrous strands with multinucleated cells and clusters of lipoid-con- 
taining macrophages (Fig. 13). Relief of symptoms followed operation. Roentgeno- 
graphic examination 18 months later shows repair of the tibial defect and healing of 
the undisturbed lesion in the femoral metaphvsis. 


Osteochondritis of the patella was present in two patients who had meta- 
physeal defects in the distal femoral metaphysis. Disturbance of growth 
from the epiphyseal cartilages about the knee, of unknown cause, was asso- 
ciated with a metaphyseal defect in the femoral metaphysis in one case. 
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THE NATURAL COURSE OF THE DISORDER—TREATMENT 


It is obvious that the metaphyseal defect found commonly in childhood, 
and but rarely in adult life, must undergo spontaneous healing. Several modes 
of obliteration of the lesion have been observed. In the first place, a defect 
found in the metaphysis of a young child may heal rapidly by reparative ossi- 
fication, or, if it is located near the margin of the metaphysis, longitudinal 
growth and tubulation of the bone cause it to be displaced to the outer surface 
of the bone and obliterated. If early repair does not occur and the lesion is so 














Fic. 14.—Roentgenograms show: 


A. Shadow of area of reduced density with sclerotic margins. 
B. Four years later, evidence of filling in by bone of normal density. 


situated that it is not carried to the outer surface, it usually becomes encapsu- 
lated by a thin sclerotic wall. Such a focus may then undergo gradual oblit- 
eration by ossification from its walls. Sometimes this will result in restitu- 
tion of normal architecture of the region; sometimes a localized hypertrophy 
of bone will remain to mark the site. 

An illustration of spontaneous healing is presented in the roentgenograms 
(Fig. 14a) of a symptomless fibrous defect in the distal end of the tibia. 
During four years there was gradual filling-in of the area by normal bone to the 
degree noted in Figure 14b. 

Occasionally the encapsulated area shows no tendency to repair and 
persists into adult years. Rarely may the fibrous elements of the focus 
continue to destroy bone and produce a gradually expanding lesion. Such 
was the situation in the following patient. 





Case 10—H. D., male, age 19, had noted a tender swelling over the right tibia for 
one month. Roentgenograms (Fig. 15) demonstrate a fairly large irregular area of 
reduced density with sclerotic margins. The proximal portion of this region 
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shows increased density, indicative of bony repair. The distal and mesial regions show 
little evidence of filling-in by bone. The shadow of mesial cortex bulges and is thinned 
over its apex. Partial ostectomy was done and the defect filled with bone chips. The 
histologic appearance varies somewhat in the different regions. In the more sclerotic 
zone the fibrous tissue is relatively less cellular and more ¢ollagenous and contains lipoid 
macrophage collections. Tissue from the area of rarefaction near the medial~Cortex is 
more cellular with numerous multinucleated cells and foci of lymphoblasts. The patient 
was relieved of symptoms by the operation, and healing resulted. 








Fic. 15.—Case 10: Roentgenograms demonstrate a large area uneven in densitv 
and form in proximal portion of tibia. Proximally, there is’ increased density indicative 


of repair. 


Since the lesion is usually not associated with much disability and since 
spontaneous repair is the rule, surgical excision is not frequently indicated. 
Also, the clinical and roentgenographic findings are so characteristic that 
confusion with solitary cysts, giant cell tumor, sarcoma, or other bone lesions 
requiring excision usually need not occur. In instances where eradication of 
the focus was indicated by persistent pain, bloc excision or curettage resulted 
in complete healing and no recurrences have been noted. 

Discussion.—Since localized fibrous lesions have their inception exclu- 
sively in childhood, and since they are always located close to the growing end 
of the bone, it is logical to attribute their origin to some disorder at the region 
of enchondral bone growth. A relation to bone growth is indicated, also, by 
the occurrence of the lesions in proximity to the major growth cartilages in 
proportion to their relative growth activity. 

The association of the metaphyseal fibrous pockets with disorders of 
epiphyseal bone and cartilage occurs too frequently to be a mere coincidence. 
There is evidence that the alterations observed in the roentgenograms of the 
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osteochondroses do not necessarily represent the real extent of involvement. 
For example, in osteochondrosis of the tibial tubercle alteration of metaphyseal 
bone is not infrequently observed in roentgenograms ; in fact, changes sufficient 
to produce epiphyseal separation following slight trauma have been observed. 

In the cases of osteochondritis dissecans the initial epiphyseal involvement 
may be much more extensive than is suggested by the final separation of the 
necrotic fragment of bone and cartilage. Indeed, the early changes in osteo- 
chondrosis or osteochondritis are probably a local manifestation of a more 
general aberration in enchondral growth. Hence, Osgood-Schlatter’s disorder 
and Legg-Perthe’s disease are frequently bilateral. It is reasonable to assume 
that when alterations of bone occur in the secondary ossification centers, 
similar changes may also occur at the zone of enchondral ossification of the _ 
epiphyseal disk. The finding of metaphyseal lesions in two or more bones 
of the same patient seems significant in this regard. 

Osteochondrosis of the capital epiphysis of the femur (Legg-Perthe’s 
disease) is one of the most frequently observed examples of epiphyseal dis- 
order. If the fibrous lesions have any association with such epiphyseal 
changes, it might be expected that they would be found commonly in the 
proximal portion of the femur. Such is not the case, however. It is true 
that some alteration of enchondral ossification at this epiphyseal disk does 
occur since the usual outcome is a shortened, broadened femoral neck. Juxta- 
epiphyseal rarefaction in the proximal femoral metaphysis may be seen in 
roentgenograms at certain stages of this disorder, but this usually disappears 
early. It is to be noted that the rate of longitudinal growth at the proximal 
end of the femur is slow; therefore, if a metaphyseal defect were present, it 
would remain close to the epiphysis and probably heal. 

Except for Legg-Perthe’s disease the incidence of fibrous defects in 
various parts of the skeleton corresponds well to the localization of epiphyseal 
disorders. Both are most common about the knee, that is, in the weight- 
bearing bones of the lower extremity. The upper extremity bones are un- 
common sites for either epiphyseal or metaphyseal defects. 

Objection may be raised to the assumption that all the cases described 
represent the same type of lesion since tissue examination was not done in 
each instance. However, the histologic findings in 14 cases do represent 
various stages of the disorder, and all show fundamentally the same pathologic 
characteristics. Since the clinical and roentgenologic manifestations are 
similar throughout the series, there seems to be no reason for not considering 
them all examples of the same disorder. 


ETIOLOGY 
The primary etiology of the metaphyseal fibrous defects is as obscure as 
that of the primary epiphyseal osteochondroses. In none of the cases has 
there been evidence of bacterial infection, or of any general disease such as 
neurofibromatosis, lipoid storage disease, or other defect which might have 
direct etiologic bearing. Jaffe and Lichtenstein hold the metaphyseal lesion 
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which they term nonosteogenic fibroma of bone to be a benign tumor of 
marrow connective tissue. The view that it is a tumor, with the usual clinical 
implication, is not supported by our study. While no clue as to the primary 
causation of the disturbance is available, the association with demonstrable 
epiphyseal disorder is considered significant. This association is further borne 
out by a similarity in course which suggests that the fibrous lesion of the 
metaphysis also may follow vascular derangement. 


SUMMARY 


1. A study of 45 patients who had metaphyseal fibrous defects in the bones 
of the lower extremities is reported, and pathologic findings in 17 cases are 
described. 

2. Concomitant epiphyseal disorders were observed in 14 cases. The 
probable significance of this relationship is pointed out. 

3. Spontaneous healing of the fibrous metaphyseal lesions was usual. In 
few cases was surgical eradication necessary for relief of pain. 

4. There is evidence that the disturbance which results in metaphyseal 
and/or epiphyseal disorders is not as localized as is usually thought. 

5. Although the primary etiologic factors are unknown, there is sufficient 
similarity to the course of recognized epiphyseal disturbances to suggest a 
common pathogenesis. 
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BILATERAL ADRENALECTOMY IN PROSTATIC CANCER 


CLINICAL FEATURES AND URINARY EXCRETION 
OF 17-KETOSTEROIDS AND ESTROGEN* 
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FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL 


MeEtuHops which inhibit androgenic production or action either by orchi- 
ectomy or estrogen administration have been found to reduce the activity of 
cancer of the prostate in many instances’ ?; in other cases these measures fail 
to control the disease, either immediately or more often following a remission 
of some months or years. It has been postulated that the production of 
androgen by organs other than the testes is responsible for the activity of 
prostatic cancer where control of the testicular androgens has resulted in 
failure, either immediate or delayed. 

There is considerable evidence that the adrenal cortex of several species, 
including man, elaborates androgens in amounts of physiologic significance. 
Androgen-producing tumors occurring in the adrenal cortex, especially of 
women and little boys, often lead to masculinization—regression of the patho- 
logic status occurring after extirpation of the tumor. The X-zone of Price® 
occurring in the adrenal cortex of young rats induces pubertal changes in the 
prostate of males castrated early in life. In guinea-pigs which had been cas- 
trated shortly after birth, tumors of the adrenal cortex developed after many 
months, inducing maturity in the secondary sex organs‘; Wooley and Little® 
observed that early orchiectomy in male mice of the strain JAX ce produced 
adrenal tumors with masculinization in some and estrogenic effects in the 
accessory sex organs of others. After orchiectomy for prostatic cancer there 
is a fall in the urinary excretion of total neutral, as well as.beta, 17-ketosteroids 
followed by a considerable increase for prolonged periods.’® This preliminary 
fall appears to be dependent upon the removal of the gonads and is not an 
indifferent effect of the operative procedure. Further, it seems likely that the 
increase is induced through the adrenal cortex by way of the pituitary gland. 

The study of prostatic cancer has been hampered by the rarity of this 
disease in laboratory animals. Adrenocarcinoma of the prostate gland has not 
been produced in the laboratory; the implantation of 1:2 benzpyrene in the 
prostate of rats® has resulted in the production of squamous cell carcinoma, a 
type which is rare in man. Prostatic cancer occasionally occurs spontaneously 
in the dog. Schlotthauer and Millar’ observed it in three dogs, and Krause,® 
and Roth,® in single cases. Engle and Stout’? discovered prostatic cancer in a 








* This investigation was supported by grants from Mr. Ben May and Mr. T. M. 
Stevens, of Mobile, Alabama, and from the Committee on Research in Endocrinology, 
the National Research Council. 
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monkey at autopsy. We have observed adenocarcinoma of the prostate twice 
in a series of 637 dogs whose prostate glands were examined cytologically in 
this laboratory. The disease has never been recognized in a living laboratory 
animal so that functional observations have not been feasible in the lower 
forms. 

In experimental animals the adrenal glands have been removed with 
preservation of life and good health for many months by means of substitution 
therapy. Because of the hypothesis that adrenal androgens were stimulating 
the growth of prostatic cancer and since the natural life expectancy clearly was 
short in the cases to be considered in this paper, the adrenal glands were re- 
moved in two stages from four men with rapidly growing metastatic cancer of 
the prostate, all having had the previous benefit of orchiectomy. These men 
survived 1.5, 1.5, I1 and 116 days after bilateral adrenalectomy, and are the 
basis of the present communication. In this paper it will be demonstrated that 
there is an additional factor in some prostatic cancers, namely, androgen- 
independence. 

Since postoperative adrenal failure occasionally occurs following less 
drastic adrenal surgery, the methods by which survival occurs after com- 
plete adrenalectomy are presented in detail. Complete adrenalectomy in man, 
with survival, has not been described previously. 


CASE REPORTS 


Case 1.—A. E. D. (history No. 266,424), a physician, age 58, was first seen on July 
9, 1941, complaining of sciatica of six months’ duration. The prostate gland was hard, 
nodular, fixed and very large. A roentgenogram showed widespread osteoplastic metastases 
in the pelvis. The serum acid phosphatase was 7.5 units* and alkaline phosphatase 36 units. 

A diagnosis of cancer of the prostate was made, and bilateral orchiectomy was accord- 
ingly carried out on July 17, 1941. Relief of pain occurred within six days, and shortly 
thereafter the patient resumed the practice of his profession. Seven months after orchi- 
ectomy, acid and alkaline phosphatase values were 4.5 and 6 units respectively. One 
month later a reactivation of the disease occurred, judging by a rise of alkaline 
phosphatase, which was progressive. In June, 1942, pain reappeared and became 
steadily worse, requiring injections of morphine. On January 25, 1943, the left 
adrenal gland was removed through a loin incision; its weight was 5.4 Gm., and 
it was normal on cytologic study. The blood pressure was 120/84. The serum sodium 
and potassium were normal. On February 12, 1943, the right adrenal was removed 
under ethylene anesthesia; it was normal in appearance and weighed 5.5 Gm. The blood 
pressure was unchanged for 12 hours when it decreased to 70/60. The temperature rose 
to 38.2° C. eight hours after operation, rising to 40° C. at 20 hours. The patient died 
in shock 36 hours after removal of the second adrenal. At no time were the values for 
serum sodium and potassium abnormal, and the blood sugar ranged from 82 to 131 mg. 
per cent. 

Prior to castration the total neutral urinary 17-ketosteroids ranged from 5 to 7 mg. 
per 24 hours (Fig. 1). Following orchiectomy there was no immediate change in these 
values, but from day 13 to 20, the 17-ketosteroids fell to less than the preoperative level ; 
however, over the course of a few months to a year and a half they gradually rose to 





* All phosphatase results are expressed in King and Armstrong units per 100 cc. 
of serum. 
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12 mg. per day, almost twice the level found prior to castration. Following removal of 
the left adrenal gland there was a moderate decrease in 17-ketosteroid excretion; fol- 
lowing right adrenalectomy there was a sharp reduction to a level of 2.0 mg. for the 
first 24 hours. Obviously, this patient did not live long enough for us to make any 
significant observations either clinically or chemically except that the treatment of 
acute adrenal insufficiency was inadequate. 

Special therapy in this case included adrenal cortical extract* 35 cc. intramus- 
cularly on day 0 minus If 50 cc. on Oo day; and 50 cc. on oO plus 1, Desoxycorticosterone 
acetate (DCA) was injected in amounts of 5 mg. on 0 day and 20 mg. on o plus 1. 
A transfusion of plasma, 600 cc. was given on O plus I. 

Autopsy revealed adenocarcinomas of the prostate with metastases to lymph nodes 
and bone. 
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Fic. 1.—Excretion of total urirary 17-ketosteroids following orchiectomy and adrenalec- 
tomy, Case 1. 


Case 2.—W. E. B. (history No. 312,344), a clerk, age 60, was first seen on June 
23, 1943, complaining of pain in the lower back and in both legs for one month. For 
several years there had been urinary frequency. The prostate gland was large (4+), 
hard and nodular, and acid and alkaline phosphatase values were 3.75 and 24 units. A 
diagnosis of carcinoma of the prostate was made and bilateral orchiectomy performed 
on July 1, 1943, with complete relief of pain for five months, so that the patient resumed 
his work. The prostate became soft and atrophic except for slight induration in the left 
lobe. In December, 1943, sciatic pain recurred and became severe. 

The patient was readmitted on May 7, 1944. The prostate gland was much smaller 
than before orchiectomy; the right lobe was atrophic and soft, the left lobe contained a 
hard nodule of walnut size. The blood pressure was 155/85. The left adrenal, weighing 
5 Gm., was removed on May 12; the right adrenal, weighing 4.5 Gm., was excised on 
June 2, 1944. 

Following complete adrenalectomy the temperature rose to 38.7° C. within eight 
liours and continued to rise (Fig. 2). Systolic blood pressure remained between 130 
and 160 millimeters for 36 hours when it fell to 70 millimeters. The pulse was feeble 
and rapid, and the urinary output was low. The patient died in shock 54 hours after 








* Adrenal cortical extract used was the 10 per cent alcoholic extract of the adrenal 
glands, and was prepared by the Upjohn Company and the Wilson Laboratories. 

¥ O minus 1 signifies the day before the operation; 0 is the day of operation, etc. 

t We are indebted to Dr. Erwin Schwenk of Schering Corporation for the gift of 
this material. 
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adrenalectomy. Some degree of adrenal insufficiency followed the removal of the first 
adrenal gland as reflected by a lowering of serum sodium to 134 m. eq. per liter and an 
elevation of the serum potassium to 5.6 m. eq. per liter. These values for sodium were 
the lowest obtained for this patient and were determined on May 20, 1044. However, 
by the morning of June 2, o day, the values for sodium and potassium were normal, 
141.2 and 4.3 m. eq. per liter, respectively. 

Special therapy in this case included 































_ DCA, 10 mg. on days 0 minus I, 0 day, o 
CENT. a ee plus 1 and o plus 2; adrenal cortical extract 
> ig oes 45 cc. on Oo day and o plus 2. 
= Autopsy revealed an undifferentiated car- 
Phas j cinoma of the prostate, which appeared 
120 OPERATION . i degenerated in many areas, with metastases 
ast! seiteuakl yw to bones and lungs. 
sot ie Case 3.—G. T. R. (history No. 269,817), 
tat 1 F a clerk, age 56, was first seen September 4, 
Pay ; 1941, when he complained of urinary fre- 
! ee quency for nine months and sciatica in 
sig lid ‘ . the left leg for six weeks. The prostate 
Te P . was convex, hard and nodular, with extra- 


Fic. 2.—Decrease of blood pressure and in- Capsular infiltration, but roentgenograms of 


creased body temperature in adrenal insufficiency ‘ —— i J , Bi . Aes 
Of mivalcal type, Case 2. the pelvis were interpreted as normal. Acid 












| _D.C.A.- 112 MGM | 


A.C.E.- 230 CC. 











URINARY 17-KETOSTEROIDS 

















1OoF 

$ BILATERAL ORCHIECTOMY 

6F 

= 

4 

: LEFT RIGHT 

2k 

ADRENALECTOMY 
i + i L i i A. af i i i. 4 iL i. 

DAYS 5 10 is 20 25 30 35. 40 470 475. 480 485 490 495 


Fic. 3.—Decrease of total urinary 17-ketosteroids after adrenalectomy, Case 3. 


and alkaline phosphatase values were 43 and 16 units respectively. Since the diagnosis 
of cancer of the prostate was certain, the testes were removed on September 16, 1941. 
The symptoms were improved and the patient returned to work. One year postoperatively 
the serum phosphatases were normal; the patient felt well and the prostate was soft, 
atrophic and without clinical evidence of carcinoma. One month later sciatica appeared 
in the right leg and rapidly became severe and required morphine and the patient was 
readmitted on December 22, 1942. At that time the prostate was atrophic, and the 
blood pressure was 134/72. Roentgenograms showed osteoplastic metastases in the 
pelvis. Acid and alkaline phosphatase values were 7 and 40 units. The left adrenal, 
weighing 5.5 Gm., was removed on December 30, 1942. The right adrenal weighed 6.5 
gm. at removal on January 11, 1943. The temperature rose to 39.4° C. within four 
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hours thereafter and the biood pressure fell to 70/40 in 16 hours. The postoperative 
period was very stormy. During the early postoperative period the blood pressure and 
the urinary output were low; later the systolic blood pressure was increased to 150 
millimeters and the daily output of urine was increased, but the patient became edematous, 
his fever persisted, and he died on o plus 11. The serum sodium and potassium were 
respectively 143 and 5.6 m. eq. per liter on o plus 8. Alkaline phosphatase values dé- 
creased from 40 to II units during the period of survival after complete adrenalectomy. 

Preliminary total urinary 17-ketosteroids ranged from 10 to 12 mg. per 24 hours. 
Unlike the majority of patients we have studied these values did not undergo a pre- 
liminary decrease after orchiectomy, but rose instead, the rise being sustained for a 
period of 470 days (Fig. 3). After removal of the left adrenal there was a gradual 
fall in urinary ketosteroids; after removal of the right they continued to fall reaching 
their lowest value of 1.4 mg. per day on 0 plus 9 day. These values for 17-ketosteroids 
occurred in spite of the administration of desoxycorticosterone acetate and adrenal cortical 
extract. Comb-growth androgens determined before either adrenal was removed were 
of the order of 25 I. U. per day. Zero values were obtained on o plus 9 day indicating 
total absence of androgen excretion. 

At autopsy, carcinoma of the prostate was found; there was marked regression 
of the primary tumor associated with very malignant metastases to bone. 

Case 4.—F. A. (history No. 315,065), a blond laborer, age 45, was first seen on 
August 4, 1943, complaining of progressive urinary frequency and dysuria for one year. 
The prostate was firm, nodular and fixed. Acid and alkaline phosphatase values were 6 
and II units, respectively, and roentgenograms showed a normal pelvis. On August 11, 
1943, the testes were removed, and a biopsy of the gland through a perineal incision 
revealed an undifferentiated cancer of the prostate. For the next eight months the 
patient was relieved of his symptoms. The nodularity and induration of the prostate 
disappeared. 

Ten months after orchiectomy the patient developed sciatica and began to lose weight, 
amounting to 10 kg. by the end of the 14th month. The sciatic pain became severe and 
morphine was prescribed. He developed edema of the thighs. 

On November 11, 1944, the left adrenal gland, weighing 5 Gm., was removed, under 
spinal anesthesia, through a loin incision, and the right adrenal gland, weighing 5 Gm., 
was similarly excised on December 4, 1944. The immediate convalescence was uneventful ; 
blood pressure was maintained at the preoperative level and there was a fever of 38° C. 
only on two days, o plus 4 and o plus 8. The details of pre- and postoperative treatment 
are given in Table I. The patient walked on the 8th day. The sciatic pain was relieved 
after operation but the appetite was poor. The serum sodium fell to 132 m. eq. per 
liter after removing the first adrenal, and at this time the serum potassium was 5.6 m. eq. 
per liter. There was no further reduction in serum sodium or potassium following com- 
plete adrenalectomy. Two months after the remaining adrenal was excised, the serum 
sodium was 140.5 and the serum potassium 5.0 m. eq. per liter. 

On December 20, 1944 (0 plus 16) brown-black pigment was noted under the eyes 
and beneath adhesive strapping in the loin areas; the prostatic bed was soft and smooth 
and presented no clinical evidence of carcinoma, and the patient was discharged from 
the hospital. Pigmentation increased in the fingers, external genitalia and near the 
incisions, especially around the site of the drains, skin sutures and where adhesive tape 
had been located. 

There followed a period of poor health featured by lack of appetite, occasional 
vomiting and loss of weight. On February 7, 1945, urinary retention occurred which 
was treated by inlying catheter. Pubic and axillary hair became sparse. A decrease of 
pain, estimated at 75 per cent, occurred following adrenalectomy, but opiates were still 
required. During the last two weeks of life there was recurrence of slight edema of 
the legs. The patient died 116 days after complete adrenalectomy. 
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The urea clearance was 45.9 cc. (85 per cent of mean normal) three weeks before 
death, when the patient was receiving 25 mg. of DCA daily, and phenolsulfonephthalein 
excretion in two hours was 85 per cent of the amount injected; blood urea was 9.3 
mg. per cent. The red blood count was 4.3 millions on January 14, 1945, 3.52 millions 
on February 22 and 2.72 millions on March 8, 1945. 

Figure 4 illustrates the urinary 17-ketosteroids during the period before and after 
bilateral adrenalectomy. It should be recalled that bilateral orchiectomy had been per- 
formed 15 months before these studies. In spite of no hormonal medication between 


DCA 
Adrenal cortex extract 
Adrenal cortex extract 


Adrenal cortex extract 
Adrenalectomy 

D <A 

Adrenal cortex extract 
Plasma 

Dextrose 5% in water 
Adrenal cortex extract 
Plasma 

Dextrose, 5% in water 
Adrenal cortex extract 


Adrenal cortex extract 
Plasma 
Dextrose, 5% in water 
DCA 
Adrenal cortex extract 
Adrenal cortex extract 


bcaA 
Adrenal cortex extract 


DCA 
Adrenal cortex extract 


DCA 
Adrenal cortex extract 


DCA 
Adrenal cortex extract 


DCA 
Adrenal cortex extract 


DCA 


SUBSTITUTION 


TABLE I 


0 minus 1 day 


0 day 


0 plus i day 


ce. intramuscularly 
ce. intramuscularly 
cc. intramuscularly 


on 


wan 


10 cc. intramuscularly 


5 mg. intramuscularly 
20 cc. intravenously 
500 cc. intravenously 
500 cc. intravenously 
10 cc. intramuscularly 
500 cc. intramuscularly 
500 cc. intramuscularly 
5 cc. intramuscularly 


5 cc. intramuscularly 
500 cc. intramuscularly 
500 cc. intramuscularly 
5 mg. intramuscularly 
5 cc. intramuscularly 


5 cc. intramuscularly 


0 plus 2 days and 0 plus 3 days 


0 plus 4 days 


0 plus 5 days 


0 plus 6 days 


0 plus 7 days 


5 mg intramuscularly 
5 ce. intramuscularly 


5 mg. intramuscularly 
5 cc. intramuscularly 


5 mg. intramuscularly 
5 cc. intramuscularly 


5 mg. intramuscularly 
5 cc. intramuscularly 


5 mg. intramuscularly 
5 cc. intramuscularly 


Succeeding days 


5 mg. intramuscularly 


THERAPY FOR TOTAL ADRENALECTOMY* 


10 A.M. 
6 P.M. 
10 P.M. 


6 A.M. 

8 A.M. 

9 A.M. 

9 A.M. 

9 AM. 

9 A.M. 

Each hour until 8 p.m. 
7 P.M. 

7 P.M. 

Each hour 


Each hour until 8 A.M. 

8 A.M. 

8 A.M. 

8 A.M. 

Every second hour until 8 p.m. 
Every three hours until 8 A.M. 


8 A.M. 
Every four hours 


8 A.M. 
Every six hours 


8 A.M. 
Every eight hours 


8 A.M. 
Every twelve hours 


8 A.M. 
8 A.M. 


8 A.M. 


* We are indebted to Professor George W. Thorn of Harvard University for suggesting this regimen; without 
his aid prolonged survival would hardly have been possible. 





removal of the left and right adrenal glands these values are higher than before the 
removal of the left adrenal gland. This phenomenon was not observed previously. Fol- 
lowing removal of the remaining adrenal gland, the level of urinary 17-ketosteroids, total, 
ketonic and alpha fractions, rapidly fell and remained low for 116 days, the duration of 
survival. These total values are higher than the actual amount of 17-ketosteroid present 
in that crude color as the result of impurities adds to the total color of the reaction. 
This is apparent from the ketonic fraction and from studies made in which the entire 
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urine for the last 49-day period was extracted. During this period there was excreted 
on average 1.0 mg. per day of ketonic 17-ketosteroid. Further purification by means of 
chromatographic absorption technic reduced this to less than 0.7 mg. per day. At least 
one crystalline substance has been isolated from this 49-day collection but as yet has 
not been identified. 

Of interest in Case 4 was the continued excretion of estrogen in the urine after 
both the testes and adrenals were removed. This patient excreted about five International 
Units of estrogen per day, expressed in terms of alpha estradiol benzoate, for a period 
of 41 days following adrenalectomy. The source of this estrogen is speculative but may 
have been degradation of desoxycorticosterone acetate or adrenal cortical extract. 
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Fic. 4.—Decrease of alpha, ketonic and total urinary 17-ketosteroids following complete 
adrenalectomy with survival for 116 days, Case 4. 

Discussion.—In Cases I and 2 the substitution therapy was obviously 
inadequate since these men died 36 and 54 hours after complete adrenal- 
ectomy. The most striking effects of immediate surgical adrenal insufficiency 
are fever and hypotension, with death in shock; here fever of 38° to 40° C. 
arose within eight hours, and was maintained until death. The blood pressure re- 
mained at a normal level for 12 and 36 hours when it decreased to a shock 
level. The carbohydrate metabolism was not drastically affected since the 
level of blood glucose was not decreased and hypoglycemic convulsions were 
never seen. Lowering of serum sodium and elevation of serum potassium was 
not profound, and these levels were as much affected by removal of one adrenal 
as both. We are of the opinion that the large transfusions of plasma are of 
great aid in preserving life. 

A significant effect following adrenalectomy was the rapid fall in urinary 
17-ketosteroids, a fall which was persistent in the patient surviving 116 days. 
There has been previous, suggestive evidence that the testes and adrenals are 
the chief sources of the urinary 17-ketosteroids. Fraser, et al.,"! giving total 
values of 14 and 9 mg. per 24 hours for the average excretion of 17-keto- 
steroids in the male and female, respectively, have postulated that 5 mg. comes 
from the testes and the remainder from the adrenal. Further evidence for this 


1037 














HUGGINS AND SCOTT Salsas re 


concept is given by the markedly diminished or absent 17-ketosteroid excretion 
in the female with Addison’s disease.’ !* Direct proof, however, such as was 
afforded by total absence of the testes and adrenals, has been lacking until the 
present study. 

The rapidity of onset of pigmentation is of considerable interest. Sixteen 
days after complete adrenalectomy in Case 4 dark brown pigment was first 
observed in the lower eyelids, over the skin of the back and at the site of ad- 
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Fic. 5.—Rise in alkaline phosphatase 1 year after orchiectomy with a decrease after 


adrenalectomy although not to normal levels, Case 4. The phosphatase values are 
expressed in King and Armstrong units per 100 cubic centimeters of serum. 
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Fic. 6.—Failure to develop hypertension with increasing dosage of desoxycorticosterone 
acetate in an adrenalectomized man, Case 4. 


hesive strapping. This coloration increased and appeared on the dorsum of 
the hands and on the external genitalia. The feet were uninvolved. The 
early appearance of this pigmentation was significant ; pigmentation does not 
occur early in Addison’s disease. The fact that the pubic and axillary hair 
became sparse was interesting. 
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The alkaline phosphatase of the serum decreased considerably after re- 
moval of both adrenals (Fig. 5) although not to normal values. This signifies 
a reduction in osteoplastic activity. The primary tumor also underwent a 
decrease in size and hardness as compared with the preadrenalectomy findings. 

The effect of desoxycorticosterone acetate on blood pressure of the adrenal- 
ectomized man was of interest in that hypertension was not produced. Loeb,'® 
Thorn," and others,” have demonstrated the considerable rise in blood pres- 
sure occurring in Addison’s disease as a result of overtreatment with DCA. 
In five of the six cases reported by McCullough and Ryan" hypertensive levels 
were reached with hormonal dosage of 10 mg. daily, or more. Clinton and 
Thorn!* have found in normal subjects that a striking increase in plasma 
volume with retention of sodium and chloride followed the administration of 
10 mg. of DCA daily. 

Thorn, Koepf and Clinton'® have described a syndrome characterized by 
excessive loss of salt and water resulting in collapse as a result of renal dis- 
sease; these authors observed that adrenocortical homones were of no effect 
apparently because damage to the renal tubules rendered them unresponsive 
to these agents while permitting excessive loss of sodium and chloride. In 
Case 4 in the. present paper, DCA was effective in maintaining blood pressure 
at normal values but hypertension was not achieved with amounts of 25 mg. 
daily (Fig. 6) even with addition of sodium chloride, 8 Gm. daily, to the 
diet ; the maximum blood pressure of 130/70 was obtained with a daily DCA 
dosage of 20 mg. Renal damage of severe grade was eliminated from con- 
sideration in this case since phenolsulfonephthalein excretion, blood urea and 
urea clearance values were within the normal range. This case is, therefore, 
exceptional with respect to resistance to DCA, but the reason for the lack of 
response is not clear. 

Advancing carcinomatosis in man with low androgenic activity calls for 
a reexamination of the factors involved in prostatic cancer. Three factors may 
be discerned at the present time, namely, the testicular androgens; the 
extragonadal androgenic depot (which may now be stated to be the adrenal 
glands exclusively) ; and androgen-independence. In many patients wide- 
spread carcinomatosis undergoes involution, both extensive and prolonged, 
following excision of the testes; here clearly the tumor is androgen-dependent 
and the testes are producing a highly significant fraction of male hormone, In 
a very few cases estrogen is required after orchiectomy to control the neo- 
plastic activity and the extragonadal depot may be postulated as a complicating 
androgenic factor. 

The androgen-independent cancers are those in which antiandrogenic 
therapy fails. Following castration of normal males the prostate undergoes 
great reduction in size and there is a cessation of secretion ; the epithelium of 
the normal prostate shrinks markedly in size but the epithelial cells do not 
disappear. Androgen is responsible for the development of the prostatic cells 
and alveoli, but having developed they acquire a value which permits survival 


1039 








HUGGINS AND SCOTT Seeaen ee 


(in a vestigial condition) in the androgen-free state and, thus, are androgen- 
independent. Androgen-independence is not remarkable since it is physiologic ; 
what is noteworthy is the necessity for many of the prostatic cancers to be 
furnished with androgen for their continued activity. 


CONCLUSIONS 


Abundant use of plasma transfusions seems to be of great importance in 
preventing circulatory collapse following adrenalectomy in man. 

Inadequate therapy after adrenalectomy in man results in early hyper- 
pyrexia and hypotension; the carbohydrate metabolism is not drastically dis- 
turbed. In the adrenalless man adequately treated with plasma, adrenal cor- 
tical extract and desoxycorticosterone acetate these effects were not observed 
but addisonian pigmentation occurred on the 16th postoperative day, and was 
progressive. 

Complete adrenalectomy in castrate man results in a reduction of 17- 
ketosteroids to values less than two milligrams excreted in the urine daily ; 
total, ketonic and alpha fractions are greatly diminished. Urinary androgens 
as measured by the comb-growth technic were absent. There is a continued 
excretion of small amounts of estrogen. In a man who survived complete 
adrenalectomy for 116 days there was a sustained reduction of alkaline phos- 
phatase activity of the serum but the prostatic cancer progressed, although 
apparently at a retarded rate. DCA elevated blood pressure to normal levels 
but hypertension did not occur with massive doses. 

The extragonadal androgenic depot in man is the adrenal. 

Adrenalectomy is not a practical method of treatment of the failure- 
group of patients with prostatic cancer treated by antiandrogenic methods. 

Three factors, whose presence and significance vary in the human prostatic 
cancers, may be stated: They are the testicular androgens; the extragonadal 
depot ; and androgen-dependence or its opposite, -independence. It is not yet 
possible to define androgen-dependence or -independence in chemical terms. 
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SUBTOTAL REPLACEMENT OF THE SKIN OF THE FACE 


FOR ACTINODERMATITIS DUE TO ROENTGENOTHERAPY: 
WITH MULTIPLE AREAS OF SQUAMOUS CELL CARCINOMA 


Hitcer Perry Jenkins, M.D. 
Cuicago, I11. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO SCHOOL OF MEDICINE, CHICAGO, ILL. 


ALTHOUGH SKIN GRAFTS about the face are the subject of frequent reports, 
the replacement of all the skin of the face except for the eyelids and forehead 
is somewhat unusal.' A case is herewith presented in which skin grafts were 
used to replace the skin from ear to ear across the face from just below the 
eyes to beneath the chin and along the under side of the mandible. In addi- 
tion, a nasal reconstruction was performed. 


Case Report.—Mr. M. was 46 years of age when admitted to the University of 
Chicago Clinics and Hospital. He gave a history of having received a series of 25 
roentgen ray treatments about 15 years previously. These were given for the most 
part over a period of four months for a pustular dermatitis of the face, which the 
patient described as “‘barber’s itch.” Other than evidence of a burn from the roentgen ray 
treatments the patient did not notice anything unusual about his face until the past 
two or three years during which time small weeping lesions would appear which would 
crust over. When the crusts were removed there would be a small ulcerated area. These 
would cause burning and itching. About seven months previously he noticed a lesion 
such as this developing on his nose. This became progressively worse. 

At the time of his admission his general physical examination was essentially negative 
except for his face and neck. There were multiple small crusted lesions about the face 
and especially the nose. The intervening skin was white and scarred, and drawn tightly 
over his features. There were several enlarged, hard firm lymph nodes on the right 
side of the neck (Fig. 1). 

The diagnosis was made of actinodermatitis from roentgen ray, with multiple areas 
of squamous cell carcinoma. It was presumed that the carcinoma was the result of 
malignant degeneration of the roentgen ray-damaged skin. In addition, there appeared 
to be metastatic carcinoma in the cervical lymph nodes. 

The first procedure was a radical resection of the cervical lymph nodes on the right 
side of the neck. The microscopic sections confirmed the diagnosis of metastatic carci- 
noma of the lymph nodes. Subsequently, the lesion on the nose was excised. These 
first two procedures were done by Doctor Brunschwig. The patient was then transferred 
to my service for further work. The problem which presented itself was whether one 
should endeavor to locally excise multiple small lesions of squamous cell carcinoma 
which were present in several different parts of the face or, to do nothing further, 
pending the results of the radical resection of the lymph nodes of the neck, or to proceed 
with a wide excision of all the skin of the face which had been damaged by the 
roentgen ray. 

The plan of procedure which was decided upon was the wide excision of all the 
roentgen ray-damaged skin along with the areas which had undergone malignant degenera- 
tion and replace this with extensive dermatome skin grafts for both sides of the face and 
lips and a pedicle graft for the nose. This was planned, of course, in multiple stages 
(Fig. 2). 

The pedicle graft for the nose was prepared by making parallel incisions in the skin 
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A B 


Fic. 1.—(A--Front view): Showing actinodermatitis of face from X-ray treat- 
ments given 15 years previously. There are multiple areas of squamous cell carcinoma 
which have developed in past few years which involve nasal tip, chin, cheek, and neck. 

Fic. 1.—(B—Side view). 





A B 
Fic. 2.-(A—Front view): Showing condition of nose following removal of squamous 


cell carcinoma of nasal tip. 
Fic. 2.—(B—Side view). 
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of the left arm and elevating the intervening skin and subcutaneous tissue from the 
muscular fascia. These incisions were then sutured with fine dermal sutures and allowed 
to heal over. After two weeks the upper ends of the outlined pedicle was cut across, 
the upper portion of the pedicle elevated and the skin then sutured with fine dermal. 
After another three weeks the entire pedicle was elevated by- cutting again through the 
previously healed incisions. The defect was closed by pulling the skin together over this 
area. There was no evidence of impairment of the blood supply, and so the remaining 
skin of the nose was excised and the pedicle sutured into place. The arm was held in 
position by a plaster of paris encasement (Fig. 3). The base of the pedicle was cut 
across after two weeks, and the free end of the detached pedicle on the nose was then 
trimmed and moulded into shape to produce the nasal tip, columella, and alae. 





Fic. 3.—Showing pedicle skin graft from arm to reconstruct the nasal tip and replace the rest of the 
skin of the nose, 


After the graft to the nose was well healed, one of the more noticeable lesions which 
was on the left cheek was excised and the defect closed with a relatively small free 
graft. This was done because this lesion, which was another area of squamous cell 
carcinoma, was ulcerated and infected and it did not seem advisable to include such an 
area in the region of a large graft. The next stage was the wide excision of the skin 
of the left side of the face. This was begun in front of the ear and extended across 
the face, under the eyes to the skin of the reconstructed nose. The skin was left on 
the upper and lower lip and the angle of the mouth up to a line where a crease in the 
skin would normally occur when smiling. The excision of skin was extended down to 
the under side of the mandible. The removal of the skin was carried out by sharp 
dissection from the underlying tissues. Constant irrigation with isotonic saline was 
Bleeding points were clamped with small hemostats 


carried out during the dissection. 
Persistent bleeding 


which were subsequently released after all t-e skin was removed. 
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points were then ligated with No. 5-o silk. A cardboard pattern was cut to fit the 
defect. A dermatome skin graft was removed from the abdomen, 15/1,000 inch in 
thickness, and trimmed to match the cardboard pattern. The graft was sutured into 
place along the margins of the defect with No. 5-0 solid filament silkworm gut which 
was provided with a fine curved needle swedged on the suture. No fenestrations were 
made in the graft. 

In addition, a small lesion on the side of the neck was locally excised. An emulsion 
ointment of sulfathiazol? was applied over the graft and a mechanic’s waste pressure 
dressing applied. The dressings were not removed until two weeks after the operation, 
at which time the graft was found to be in relatively good condition. 





A B 


Fic. 4.—(A—Frent view): Showing result of extensive skin grafts to face nine 
months after completion. ‘Lhe nose was reconstructed from a pedicle from the arm. The 
skin of the face was replaced from ear to ear and from below the eyes to beneath the 
mandible by dermatome skin grafts. 

Fic. 4.—(B—Right side of face). 

Two small ulcerated lesions, one on the chin and another on the right cheek were 
excised locally before proceeding with further grafting. Both of these were squamous 
cell carcinoma. The wounds resulting from the two small excisions healed over very 
slowly, and further grafting was postponed until complete healing had occurred. 

The next major stage consisted of the removal of the skin of the right side of the 
face. This was performed in the same manner, and to the same extent, as was done 
on the left side of the face. The dermatome graft was taken from the back, and was 
15/1,000-inch in thickness. Dressings were removed after two weeks and the graft 
found to be in good condition. 

The final stage consisted of the removal of the remaining skin of the upper lip, 
lower lip, chin and angles of the mouth. The skin was removed up to the muco- 
cutaneous line of the lips. A dermatome graft was trimmed to a cardboard pattern of 
the defect and then cut transversely in the center to provide for the mouth. This part 
of the graft was sutured to the mucous membrane of the lips and angles of the mouth 
at the vermilion border. The periphery of the graft was sutured to the margins of the 
defect which on either side consisted of the edges of the previous grafts. Sulfathiazol 
ointment dressing was applied and an attempt to maintain pressure on the graft with a 
mechanic’s waste dressing was not especially satisfactory. It was necessary to remove 
the dressings after six days. Several serum accumulations were evacuated with a fine 
needle and syringe. Most of the graft remained viable but there were several small 
areas of necrosis. These areas ultimately healed over without requiring further grafting. 
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The various stages of this subtotal replacement of the skin of the face was done under 
local anesthesia using 0.5 per cent novocaine. 

There was some degree of scarring which remained at the junction of the graft 
about the mouth with the large lateral grafts, which was not entirely satisfactory from 
a cosmetic standpoint at the time the patient was discharged from the hospital. 

The length of the hospitalization for the reconstruction procedures was nine months. 
Seven months after discharge, the patient returned for a check-up. At this time the 
grafts were soft and pliable and the junction of the major grafts was not easy to detect 
(Fig. 4). There was no evidence of recurrence of the squamous cell carcinoma. 





Cc 


Fic. 4.—-(C—Left side of face). 


The patient returned again a year later (two years after the radical resection of 
the metastatic carcinoma in the cervical lymph nodes). At this time, the skin grafts 
of his face were in excellent condition. It was very difficult to identify the junction of the 
major grafts. The skin was soft and pliable and moved freely with the face muscles. 
There was no evidence of recurrence of the carcinoma in the field which had been 
grafted. The reconstructed nose was in good condition. The patient had been advised to 
avoid direct sunlight on his face to avoid pigmentation of the grafts. At this time, the 
color of the grafts was, of course, lighter than the skin of his forehead. The patient had 
not found it necessary to use a cosmetic on the grafted area and had not been disturbed 
by such differential in color as was present. From the standpoint of obtaining a better 
color-matching in such cases, one should, of course, consider the possibility of resorting 
to the tattoo method, described by Hance, Brown, Byars, and McDowell.* Simple 
cosmetics, and especially “Covermark,” can generally suffice in most instances. 

From the standpoint of reconstruction surgery, this patient represented a very satis- 
factory end-result from extensive skiu replacement. However, a hard nodule was found 
on the right side of his neck at about the level of the angle of the mandible. This was 
explored and found to be recurrent squamous cell carcinoma. The tumor mass was 
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ie REPLACEMENT OF SKIN OF FACE 


adherent to the internal carotid artery for a distance of 3 cm. beyond the junction with 
the common carotid. The mass was dissected from the wall of the internal carotid without 
damaging the vessel. It was not deemed advisable to risk an hemiplegia by resecting the 
internal carotid which had been adherent to the tumor mass, A radium plaque was 
subsequently applied to this area in an attempt to control the growth of any tumor 
tissue which may have been left on the vessel wall. The patient made a satisfactory 
recovery from these procedures. However, the ultimate outcome is awaited with some 
degree of apprehension. 


CoMMENT: This case report is presented to illustrate what can be done 
in the way of extensive replacement of the skin of the face. There are numer- 
ous instances of patients who have received roentgen-ray burns of the skin of 
the face. Some of the more severe burns may undergo malignant degeneration 
of the damaged skin. If one awaits the malignant change, and the subsequent 
metastases to the cervical lymph nodes, the opportunity for a permanent cure 
is not good. The very satisfactory cosmetic result which was obtained in this 
case poses the question as to whether one would not be justified in under- 
taking such extensive removal and replacement of the skin of the face for 
severe roentgen-ray burns before there is definite evidence of carcinomatous 
change. This would constitute a prophylactic measure in the treatment of a 
precancerous lesion which may at some time become carcinomatous and 
subsequently invade the regional lymph nodes, as occurred in this case. In 
addition, the cosmetic result would be more acceptable than the severe roentgen- 
ray burn of the face. In such cases it would probably be desirable to use a 
free graft to replace the skin of the nose instead of a pedicle graft which 
was necessitated in this patient because of the removal of the nasal tip. 
Furthermore, there may be a wider field for the use of such large grafts to 
replace the skin of the face which has been severely scarred from acne alone, 
without the superimposed damage from roentgen ray. The smooth, soft 
texture of the skin graft would offer an improvement over the irregular 
scarred surface of the skin in very severe cases of acne. Severe thermal 
burns involving the entire face would probably constitute the widest field 
of usefulness for extensive grafts such as were employed in this case. 


SUMMARY AND CONCLUSIONS 


A case of severe actinodermatitis of the face from roentgen ray, asso- 
ciated with multiple areas of squamous cell carcinoma is presented. This was 
treated by extensive removal in stages of all the skin of the face except for 
the eyelids and forehead, and replacement by dermatome skin grafts in three 
major stages, and a delayed pedicle graft from the arm to the nose in four 
stages. The satisfactory cosmetic result which was obtained in this case, 
raises the question as to whether this type of procedure, with some modifica- 
tions, may not be appropriate for severe roentgen ray burns of the entire 
face as a prophylactic measure before carcinomatous changes occur, as well 
as on the basis of the cosmetic improvement which may be obtained. 
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CONGENITAL CATARACTS 
FOLLOWING RUBELLA IN PREGNANCY 
ARLINGTON C. KrausE, M.D. 
Cuicaco, IL1. 
aie FROM THE SECTION OF OPHTHALMOLOGY, DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


THE IMPORTANCE of an exanthematous disease in the production of 
congenital cataract was first emphasized by Gregg’ before the annual meet- 
ing of the Ophthalmological Society of Australia, in 1941. An unusual 
number of cases of congenital cataract scattered throughout Australia in 
1941 appeared as a mild epidemic. 

In 14 months, with the aid of his colleagues, Gregg collected a series 
of 78 cases of congenital cataracts occurring in infants. The cataracts were 
evident at birth, and were generally bilateral. The dense lenticular opacity 
was nuclear and was surrounded by a zonular haze and later by an outer 
clear zone. In some cases the lens was totally opaque centrally. The vision 
was apparently good except for the lenticular opacity. After three months 
searching movements occurred in the cases with bilateral cataracts because 
of the lack of development of fixation. 

Out of 78 cases, 16 cases showed unilateral cataracts. In ten of these 
the eye was microphthalmic. The pupils were difficult to dilate because 
the infants tolerated atropine poorly. A general examination showed a 
congenital cardiac defect in 44 cases. At autopsy, a widely patent ductus 
arteriosus was discovered in three infants. In this series of cases, 15 
patients died from bronchopneumonia, or unknown causes. All of the cases 
showed mental retardation, and most of them were feeding problems. 

The frequency and geographic incidence suggested the cause was an 
infectious disease during pregnancy. ‘The type of lesion led to the assump- 
tion that the disease damaged the lens during the formative period of the 
first few months of pregnancy. The calculation of the early months of 
pregnancy from the time of the birth of the child corresponded to the wide- 
spread and severe epidemic of rubella in Australia in 1940. An inquiry 
into the state of the health of the mother usually led either to the symptoms 
or to the diagnosis of German measles as the exanthematous disease during 
the second or third month of pregnancy. Because of the remarkable con- 
genital defects, Gregg doubted whether the disease was true rubella. 

Consequently, the National Health and Medical Research Council im- 
mediately sponsored a team of specialists to collect and correlate data of other 
similar cases in South Australia. Permission was requested of all medical 
practitioners to interview the mother and to examine the infant in all cases 
in which the mother had an acute exanthematous disease during pregnancy, 
even if the child was normal. 

A series of 74 cases, covering the years 1939 to 1943, was investigated 
and was presented in two excellent reports” *. A definite history or diagnosis 
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of rubella in pregnancy was obtained in 61 mothers. Twenty infants had no 
evidence of the effect of rubella. The mothers of these infants had rubella 


TABLE I 


LIST OF ABNORMALITIES IN THE TWO SERIES OF CASES OF SWAN, 
ET AL., DIAGNOSED AS RUBELLA IN PREGNANCY 


neuen MIME MNENRNI og fois bois ibis sla a1ae58 9.08 9-60) 368 ws 1 
iaberal Cataract, MEAT WESION o.5. oss scceeacveccsicsose 3 
NS SP Pie eae SAL a nae ee eee 5 
RNA URNNTE, UCHIE BEMUON . o6i5 icv 0'0 oes 500 5 0:0 00 sslble sie e 4 
Bilateral cataract, heart lesion, mental deficiency.......... 2 
Bilateral buphthalmia, heart lesion, mental deficiency...... 1 
EMR oe ater tk Gate so it's, bes ib ka Wiel aa ewie aes 2 
Microcephaly, mental GeHciency..... 2... ccc cc cect eseee 1 
RINE CGS a5 nr) o oh aise a oA bip sis Ssace o B:a Ss bs s'bie Sl are wd 8 
nee CIN RUIN STDUIUNOIDD 6.355 6 9 o:s5./5 cla wis wn.o 6.0 ois @ @oieopbia eee 3 
MERE ES BNA Un i ins hiy o elcina'Se s+ Sa kis ba Sw ees 9 
SP UpARN A BINNE ON ORE MOTION «<< 00 oc 0 sins s-0le 0 #0 aioe e's ea aleewee 1 
UN ree coe va ob Ya pia ie ls,/0'g G0: exes bude uae Saw 8S 1 
No abnormalities related to rubella.................020-5 20 


late in pregnancy. Of the 41 infants who had congenital abnormalities (see 
Table I), the mothers generally dated their rubella before the fourth month 
of pregnancy. The infant frequently had more than one organ affected. 
Out of the 15 patients having cataracts, 11 were bilateral and four unilateral. 
One patient had bilateral buphthalmia. The disease early in pregnancy 
from the first three weeks to the end of the third month tended to damage 
the eyes. Cataract was the common ocular disease. Microcephaly occurred 
in three infants but it was not obvious until later in the growth of some chil- 
dren. Mental retardation was evident in four infants. The loss of vision or hear- 
ing and the age of the child prevented the establishing of diagnosis of mental 
deficiency. With the handicap of loss of these senses it was difficult to 
estimate the mentality of the infants. Congenital deaf-mutism was present in 
II infants. The deafness was not complete but was in the low tones. Heart 
lesions were discovered in 21 infants. In some cases the positive clinical 
evidence of heart disease was not confirmable upon roentgenologic examina- 
tion. The roentgenologic examination often revealed heart abnormalities 
not discovered clinically. The common heart lesions found at autopsy 
were patent ductus arteriosus, intraventricular septal defects, and patent 
foramen ovale. The heart was affected early in the pregnancy in the first 
three months. Later, Swan® mentioned hyalinization and sclerosis in the 
glomeruli of the kidney in a few patients, and Evans® noticed dental aplasia 
was a common defect. Young* later reported a case of deafness in an infant 
who had rubella at the age of four months. 

Swan, et al., believed that the reason for the lack of previous observa- 
tions on the association of cataracts with rubella in pregnancy was related 
to the increase in the severity of the disease during the past few years in 
Australia, Great Britain and the United States. Other reports’ ® °® have 
suggested an increase of virulence or a shift in the activity to other tissues 
as a cause for the severity of the disease. Some of the congenital cataracts 
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and other abnormalities in cases which were listed by Swan but included 
in the series of cases with undoubted rubella were perhaps related to mothers 
with mild or no symptoms of rubella. 

Reese’ reported on three cases of cataract following a severe epidemic 
of German measles. One infant with a congenital heart lesion had an uni- 
lateral cataract in a microphthalmic eye. In the second infant which was 
microcephalic there were cataracts in each microphthalmic eye. The heart 
lesion was diagnosed as patent intraventricular septum. The third infant 
had bilateral cataracts in microphthalmic eyes. The heart had a patent ductus 
arteriosus. No operations were performed to remove the cataracts. 

Erickson! listed the brief data on 11 cases. Bilateral cataracts were 
evident in seven infants, unilateral cataracts with microphthalmia in two, 
unilateral microphthalmia in one, and unilateral corneal opacity with mi- 
crophthalmia in one infant. Nine infants had congenital cardiac defects and 
two had mental retardation. 

Perera’* has recorded one case. The infant, age 4.5 months, had an 
unilateral congenital cataract and cardiac disease. After operation the lens 
was still absorbing slowly. 

The total number of cases in which pregnant women were diagnosed 
as having rubella were 68 by Gregg (10 of 78 were discarded by Swan, 
et al., as insufficient histories of rubella infection), 41, by Swan, et al.; 3, by 
Reese; 11, by Erickson; and 1, by Perera, or a total of 124 cases. Of the 
124 cases, 96 had cataracts. 

A series of rubella cases which were seen at the University of Chicago 
Clinics is presented here. 


CASE REPORTS 


Case 1.—P. B. was born in an outside hospital on October 26, 1943, during a 
normal delivery after eight and one-half months gestation, with a weight of 1,100 Gm. 
She was kept in the hospital for two and one-half months until she weighed 2,720 Gm. 
At the age of three weeks the infant was found to have cataracts in each eye. 

The father, age 25, and brother, age two, were always healthy, The mother, age 22, 
in the seventh week of pregnancy had the symptoms of rubella. 

In February, 1944, the child was seen in the University Clinics. A diagnosis of 
prematurity, congenital heart disease, congenital displacement of the fourth toes and 
bilateral congenital anterior uveitis and cataracts were made. 

On April 18, 1944, an eye examination was made. The child avoided light. No 
vision of moving objects was obtained. Externally the eyes were normal. The bulbs 
were small. The right cornea was 6.5 mm. and the left was 7.0 mm. in diameter. 
No precipitates were seen on the posterior surface of the clear corneas. The anterior 
chambers were very shallow. The irides were muddy-gray in color and had lost most 
of the pigment of the posterior epithelium. The pupils were 2 mm. in diameter and 
fixed by posterior synechiae. The pupillary reflex was pinkish-gray centrally and red 
peripherally, The lenticular nuclei were diffuse opaque gray and the cortex was almost 
clear. The anterior surface of the capsule was lightly covered with a fine gray veil and 
sprinkled with melanotic pigment granules. The lenses were slightly displaced up and 
in. The electrocardiograph indicated no definite abnormality. The roentgenologic 
examination showed an indistinct congenital vascular anomaly of the heart. The dental 
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development was delayed. Hearing appeared to be not subnormal. In spite of the loss 
of vision the child was not considered to be remarkably mentally retarded by the child 
psychologist. 

On October 24, 1944, the eyes were reéxamined. The corneas were then 8 mm. in 
diameter. The lenticular nuclei were denser. On October 30, 1944, a Barkan operation 
was performed on the right eye and a week later on the left eye. After the operations 
the fundi appeared normal except for the absence of the foveolar reflex. The child was 
given eight diopter glasses. A psychologic test showed that the child was greatly 
improved mentally. 

This case is unusual because bilateral fetal iritis was present. The operation was 
successful in removing the opacity and in increasing the vision. The question of 
whether or not the iritis will remain quiescent and not cause obscuration of the vision 
cannot be answered as yet. 

Case 2.—H. B., a white male, was born, April 17, 1943, in the University of 
Chicago Clinics after a gestation of 28 weeks. The child was not cyanosed or jaundiced. 
The healthy infant weighed 985 Gm. on the seventh day. The delivery was uncom- 
plicated. The placenta was normal. No instruments were used. No cause was known 
for the prematurity. 

The mother, a primipara, age 29, and the father, age 33, were healthy. The mother 
had rubella in the second month of pregnancy. Ocular, nervous and familial disease were 
not evident in the relatives of the parents. 

The child was placed in an heated oxygen chamber. Vitamin K was given. On 
May 4, an upper respiratory infection caused a mild cyanosis and slight jaundice. After 
treatment with sulfathiazole the disease was cured. The hemoglobin dropped from 
18.5 Gm. (Hayden-Hansen method) on May 2 to 8 Gm. on May 21. Intravenous 
blood transfusions brought the hemoglobin up to 11.5 Gm. on June 12. On October 20, 
the child was discharged from the hospital. The eyes appeared to be normal. The 
weight was 4,255 Gm. 

In November, 1943, the mother noticed that the child did not see objects or light 
and did not pick up anything unless it was placed in his hand. Several physicians 
examined the child and suggested that cataracts caused the blindness. 

On July 27, 1944, an examination was made. The child was normal physically. 
The Wassermann test of the mother was negative. The blood count, hemoglobin and 
urine of the child were normal. Roentgenologic examination of the skull and chest was 
negative. The fronto-occipital diameter of the head was 43.5 cm. The child showed, 
by psychometric tests, a marked mental retardation which was not related to blindness. 

The eyes gave no reaction to light and turned in 15°. The external ocular move- 
ments were unrestricted. The bulbs appeared to be normal in size. The corneas were 
II mm. in diameter and were hazy posteriorly. The right anterior chamber was 
shallowed in the middle and absent peripherally where the iris was adherent to the 
cornea. The left anterior chamber was absent except inferiorly and nasally where it 
was extremely shallow. On the left iris, a prominent radial vessel extended to the 
pupil from below. Transillumination of the bulbs gave a pinkish-gray pupillary reflex. 
The intra-ocular tactile tension was low. The fixed pupils were irregular and adherent 
to the white opaque lens. The right pupil was 3 mm. in diameter and the left 2 mm. 

The patient was last seen on July 20, 1944. 

A diagnosis of bilateral fetal uveitis, bilateral congenital cataract, cerebral agenesis 
and mental retardation was made. 

Case 3.—B. M. was born February 10, 1945, with a weight of 2,295 Gm. after a 
28-week gestation. The mother had German measles during the second month of 
pregnancy. At birth, the corneas were slightly cloudy. After examination, a diagnosis 
of prematurity, with multiple congenital anomalies was made. The new born infant 
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had spina bifida with loss of function below T 12, congenital cardiac anomalies, con- 
genital cataract of left eye. The infant died on the 3oth day of life. 

Uncontrollable circumstances did not permit a further examination of this and 
other infants. 

Case 4.—J. P., born December 15, 1944, was a full term child who was seen at 
the age of 10 months. Two weeks before the first missing menstrual period of preg- 
nancy the mother had German measles. The child was always mentally and physically 
retarded. A congenital cataract was removed from the left eye at the age of five months. 
The vision appeared to be fair. 

An examination showed a left convergent strabismus, left postoperative aphakia, 
dental aplasia, bilateral total deafness, and mental and physical retardation. No cardiac 
abnormalities were found. The fundi seemed to be normal except for the absence of 
foveolar reflexes. 

The interesting point in this history is the accurate-dated record of rubella two 
weeks after the last menstrual period. 

Case 5.—R. S., born in 1942, was seen at the age of two years. The mother had 
German measles in the second month of pregnancy. The examination of the child 
revealed a loud apical and basal murmur in the chest, vision of gross objects particularly 
with the use of his left eye, in spite of bilateral lens opacities, fair hearing and a low 
mentality based on psychometric tests. A diagnosis of bilateral congenital cataracts 
congenital heart disease, cerebral agenesis and mental retardation was made. 


Discuss1on.—Married women who know that rubella may give rise to 
congential defects in children have asked about the possibility of becoming 
infected with rubella during early pregnancy. If the women are in con- 
tact with the migratory people from camps and cities they have a much 
better chance of infection than women who are relatively isolated. Hus- 
bands on leave from the Armed Forces may spread the disease to their 
wives. If the women had rubella in the past, the chances of having another 
attack of the disease are very remote. One mother in the Australian series 
of cases asserted that she had a previous attack of rubella. There are other 
rare instances in which a second attack has occurred. 

Nonmedical persons have regarded rubella as a mild disease which needs 
little or no treatment. According to two Australian reports, about half of 
the 41 mothers with affected infants received medical counsel when they 
had the disease. The question arises whether or not the public, particularly 
married women, should be informed of the dangers of infection with rubella. 
If they are exposed to rubella in early pregnancy, treatment with conva- 
lesecent serum should be considered. Perhaps it might be well to require 
that the disease, especially in married women of child-bearing age, be re- 
portable to local or state public health service. Since these infants with 
serious congenital defects may have mental retardation, loss of sight and 
hearing and generally poor health, they are incapable of taking care of them- 
selves. They represent a social problem. 

Treatment should be considered in women with a questionable pregnancy 
or a pregnancy of the first three months with a history of rubella. The ratio 
of infants with congenital defects to those with no defects in mothers with 
rubella is too high to be disregarded. The only possible but presumptive 
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method of treatment seems to be the use of convalescent German measles 
serum. 

Whether or not rubella can affect the fetus if the woman has the disease 
just before pregnancy is questionable. Gregg’ reported one woman who had 
rubella three months before pregnancy but the infant had congenital rubella 
cataracts. There is no doubt that viruses may persist in the tissues but the 
persistence of the German measles virus is unknown. There seems to be 
little reason at present to give treatment before pregnancy or after six known 
months of pregnancy. 

Perhaps induction of the disease before pregnancy may be a means of 
preventing the possibility of occurrence of the disease during pregnancy in 
those who are exposed to it. 

A therapeutic abortion may be considered if the disease has occurred in the 
first four months of pregnancy. 

The surgical treatment of these cases with congenital defects varies with 
the organ involved in the disease. The cataract should be treated surgically as 
soon as possible in the first few months of life, before the development of 
fixation. Time of operation makes a great difference in bilateral cataract. 
The type of operation will vary with the surgeon and his experience. The 
hard central lenticular nucleus should be removed. It usually takes a long 
time, sometimes months, before a clear pupil is formed after an operation. 
The absorption of lens substance, according to the experience of those who 
have operated on the rubella cataracts, is delayed. An operation at three 
months of age is late because by the time the pupil is clear the ability to 
develop fixation may be lost. The ophthalmologist usually sees these infants 
after the pediatrician or physician has treated the child for malnutrition. A 
common belief is held that these infants are too young for operative procedures 
on the eye. A better procedure would be to have the obstetrician consult the 
ophthalmologist as soon as the infant is found to have white pupils, poor sight, 
or as soon as the pregnant woman with a history of an exanthematous 
disease in the first four months of pregnancy is first seen by him. 

All children with congenital cataracts related to rubella should have their 
hearing tested for range. Low tone deafness may be missed in ordinary tests. 
According to the report of Swan, et al., hearing aids have been tried satisfac- 
torily on a few infants. Deafness and deaf-mutism are added factors contrib- 
uting to mental retardation. 

The patent ductus arteriosus is a common defect in these infants, and is 
usually contributory to their poor health. A successful surgical procedure to 
correct this condition has been developed. In one case* this operation resulted 
in a distinct improvement of physical condition of the child. 


SUMMARY 
The literature on effect of rubella in pregnancy is reviewed. A report on 
five cases with congenital anomalies including cataract is given. Preventative, 
conservative and radical treatment of fetal rubella is discussed. 
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HEADACHE FROM LESIONS OF SCALP NERVES 


Freperick E. Krepex, M.D. 
CuHar.eEsTon, S. C. 


FROM THE DEPARTMENT OF SURGERY, MEDICAL COLLEGE OF SOUTH CAROLINA 
AND THE ROPER HOSPITAL, CHARLESTON, S. C. 


THE CAUSE of chronic localized headache is frequently a difficult diagnostic 
problem. In many instances there is apparently no intracranial disorder and 
the origin of the pain is entirely extracranial. Disturbances within the orbit 
and accessory nasal sinuses are commonly associated with the symptom of 
headache. The following observations are recorded to illustrate the fact 
that some cases of localized headache arise from lesions of nerves of the 
scalp. The discomfort may not be of a type that is commonly associated with 
peripheral nerve lesions. The sharp, shooting, lancinating and radiating 
character of the pain, usually termed neuralgic, may not be present and the 
complaint is simply that of headache. 


SCARS 

Direct involvement of nerves to the scalp by scar tissue may cause head- 
ache without ready recognition of the relation of the scarring to the symp- 
toms. In some instances a healed deep laceration in the region of the pain 
may be obvious. In others, the laceration may have been forgotten and not 
readily detected when examined through the covering of scalp hair. In still 
others, the history of closed contusion or previous infection producing scarring 
may not be elicited. Examples of these are cited: 


ILLUSTRATIVE CASE REPORTS 


Case 1.—Case of known laceration: W. W., a Negro male, age 25, fell from the 
upper deck of a ship and incurred a deep lacerated wound of the right frontal region 
and a linear fracture of the left. occiput. One month later, he attempted to return to 
work but remained disabled by reason of right-sided headache and some dizziness. 
Examination two and one-half months after injury revealed a markedly tender spot at 
the superior pole of the scar. Pressure on this spot, in addition to causing pain locally 
and radiating over the distribution of the supra-orbital nerve, reproduced his so-called 
headache. The symptoms continued and the patient discovered that wearing a hat or 
especially a shipworker’s helmet aggravated the headache. Seven months after injury 
the painful area of the scar was excised. Histologic study showed nerve trunks of 
moderate size entering hyperplastic keloidal scar tissue with distortion and compression 
of these nerve trunks by fibrosis. The symptoms were relieved and have not recurred 
nine months postoperatively. 

Case 2—Case with unrecognized scars: T. O., a white male, age 26, with a mod- 
erate degree of cerebral spastic paralysis, complained of headache all his life, but of 
increasing severity the past year. The headache was most severe in the left occipital 
region, Dural denervation in the region of the left middle meningeal vessels gave 
little relief. At the time of this operation several small scars from old lacerations were 
noted on the shaved scalp in the left parieto-occipital region. These were definitely 
tender and later infiltrations with procaine relieved the headache for short periods up 
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to a week. The scars were excised together with division of the greater occipital nerve 
at the lambdoidal ridge. Sections of the scars showed small nerve bundles distorted 
hy both intraneural and perineural fibrosis. While the localization of the headaches to 
the area operated upon has been abolished, intermittent occipital headaches are still 
present six months after excision of the scars, in addition to numerous other vague 
complaints. 

Case 3.—Case of headache after contusion: E. E. R., age 23, was struck above the 
left eyebrow by a blunt object and was unconscious for three minutes. Intermittent left 
frontal headache followed and disabled him from work. On examination three months 
after injury, the left supra-orbital nerve was found to be markedly tender. Pressure 
over the nerve reproduced his headache. The nerve was injected at its exit from the 
skull with 95 per cent alcohol. In spite of a satisfactory analgesia to pin-prick, the 
headache, while ameliorated, has persisted to some extent and there is still some apparent 
tenderness over the nerve, three weeks after injection. Evaluation of the findings is 
difficuit in the face of an obvious compensation neurosis. 

Case 4.—Case of headache associated with old infection: C, F. R., age 28, white, 
male, complained of migraine for about 15 years. The attacks had gradually increased 
in severity and frequency, occurring in recent months as often as every five days. 
There had been also numerous episodes of furunculosis of the neck since adolescence. 
There was diffuse deep scarring in the posterior occipital region and definite tenderness 
over the region of the greater occipital nerve on the left, the side of the migraine. 
Branches of the nerve together with a block of scarred subcutaneous tissue were excised 
at the point of maximum tenderness. There were no headaches for nine months follow- 
ing this procedure, after which some recurrence of unilateral headaches every two to 
three months ensued. These are not as severe as preoperatively and are not increasing in 
frequency, three years after the excision. 


TUMOR 
The following case is one in which a tumor apparently was the cause of 
unilateral headache: . 


Case 5.—Mrs. C. F. C., age 33, complained of migraine for many years. Her 
attacks of headache occurred as often as once or twice a month, were always on the right, 
and radiated anteriorly from the occipital region. Nausea occurred occasionally. For 
two years she had noticed a flat swelling over the lower occiput on the right. This was 
soft, movable and tender only on firm pressure. At operation, a flat fibrolipoma, 
4x 3 x 1.5 cm., was found enveloping the greater occipital nerve below the lambdoidal 
ridge. It was excised. Sections showed a fibrolipoma with nerve bundles compressed 
in the dense fibrous trabeculations. The migraine headaches ceased for five months but 
then recurred and have continued to the present time, 26 months postoperatively. They 
are much less frequent than before but of considerable severity. The area of operation 
is again tender. It is likely that nerve regeneration into the scar has occurred. 


“NEURALGIAS” 

Many patients complaining of localized headache show tenderness over a 
nerve to the scalp without demonstrable pathologic explanation. Results of 
local treatment in such cases is notoriously variable. Occasionally, one or 
more subcutaneous injections of procaine or other anesthetic agent produce a 
prolonged amelioration. Ammonium sulfate injections, as advocated by 
Bates and Judovich, have been of benefit in some cases particularly in the 
region of the greater occipital nerve. Alcohol block has been useful for the 
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supra-orbital nerve, since the injection may be placed with reasonable accu- 
racy in or about the nerve at its exit from the skull. Section with excision 
of a segment of the nerve is indicated for intractable cases. Routine patho- 
logic studies in a number of these have shown no lesions in the nerve. Not 
infrequently the headache soon appears in a new location or after some 
months recurs in the same area, presumably as a result of nerve regenera- 
tion. Plugging the foramen with a wisp of cotton and bone wax at the time 
of nerve excision seems to limit regeneration of the supra-orbital nerve. 





Fic. 1.—Cutaneous regeneration neuroma from a pedicled skin flap in a rabbit. 
Gros method x60. From studies carried out during the author’s residency under 
Dr. Phemister. 


NERVE REGENERATION 

It has been recognized that even very small nerves after division manifest 
a tendency to regenerate. Thus recovery of sensation occurs in both free 
skin grafts and pedicted flaps.‘ Kredel and Phemister observed some recov- 
ery also of sympathetic function in skin transplants. When such small 
regenerating nerve fibers become involved in scar tissue, cicatricial compres- 
sion or microscopic neuromas occur and may lead to persistently painful 
scars.” * Figure 1 is a silver impregnation of a profuse neuromatous over- 
growth after division of a small cutaneous nerve trunk in the rabbit. 

Numerous methods have been devised in the attempt to prevent neuromas 
after division of larger nerve trunks. None of these are completely successful 
in all instances. For small cutaneous nerves, frequently not identified grossly 
at operation, no method of limiting undesirable nerve regeneration has been 
advanced. When the nerves can be seen during dissection, crushing with 
an hemostat proximal to a ligature of nonabsorbable material is indicated. 

Simple excision of a scarred area containing a microscopic neuroma fol- 
lowed by primary healing does not often lead to a recurrence. However, 
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subcutaneous nerve trunks the size of the supra-orbital and greater occipital 
nerves and their main branches are likely to regenerate. An effort should be 
made to find and treat the proximal stumps when these nerves are divided. 


CONCLUSIONS 
1. Some cases of localized headaches seem to originate in nerves supplying 
the scalp area. 
2. When a definite lesion affecting the nerve is present, local surgical 
treatment is likely to be of benefit. 
3. Injection or section of nerves without demonstrable lesions gives 
variable results. 
4. Regeneration of divided scalp nerves may lead to recurrence of 
headaches. 
REFERENCES 
1 Kredel, F. E., and Evans, J. P.: Recovery of Sensation in Denervated Pedicle and Free 
Skin Transplants. Arch. Neurol. and Psychiat., 29, 1203, 1933. 
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SuPPuRATION of the petrous pyramid was a frequent intermediary stage 
in the development of complications of middle ear infection in the years pre- 
ceding sulfonamide and penicillin therapy. The nature of the process and 
the reason for its occurrence and persistence despite mastoid surgery pro- 
moted much investigation and the basis for clinical interpretation and 
surgical treatment was gradually established. 

While chemotherapy has provided a valuable aid in the prevention and 
control of such infections and greatly reduced the necessity for surgical 
intervention its effectiveness has been subject to certain limitations. Ex- 
perience has shown these drugs to be most effective in the invasive and 
early stages of middle ear infection. The presence of bone involvement such 
as breakdown of cell partitions, osteomyelitis, and sequestration tends to 
limit their effect to one of localization, while a cure is still dependent upon 
surgical drainage. 

The anatomic arrangement of the temporal bone is such that osteo- 
myelitis and sequestration are with only rare exceptions confined to the 
petrous portion. Because of its close relationship to important structures 
complications tend to develop early. Under conditions of partial drainage 
the suppuration may become chronic or with inhibition of the infection by 
chemotherapy it may appear to subside only to become active and invade 
the inner ear or meninges at a later date. 

The pathogenesis of the process in the pyramid formerly provoked much 
debate. Suppuration of the mastoid was recognized to depend on pneumatiza- 
tion. Gross examination of the pathologic pyramid, however, seldom per- 
mitted the recognition of pneumatic spaces and suppuration of that area was 
usually thought to be purely an osteomyelitis. The relation of such an 
osteomyelitis to infection in air cells became apparent only when the temporal 
bones had heen removed at autopsy, sectioned serially, and studied under 
the microscope. Such studies of pathologic as well as normal bones have 
shown that the behavior of the infection within the temporal bone is 
primarily dependent upon the anatomic arrangement. The variation in ex- 
tent and course of the disease which had been difficult to explain proved 
to be dependent upon variations in extent of the air cell system. 


ANATOMIC CHARACTERISTICS 

The petrous pvramid consists of an apical and a labvrinthine part. 
The apex lies medial to the labyrinthine capsule and the bony canal of 
the internal carotid artery and articulates with the basi-occiput and body 
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of the sphenoid bone. It contains marrow spaces filled in infancy with red 
marrow which later changes to the gray or fatty type. 

The labyrinthine part of the pyramid lies between the apex and the 
air cell system of the middle ear and the mastoid. Marrow spaces are also 
present in this part in infancy and may persist throughout life. With the 
process of growth the pyramid enlarges by addition of periosteal bone to 
its surfaces. Marrow spaces expand into this new bone. As the layer of perios- 
teal bone is thickened it becomes exposed to the forces exerted within the air 
cell system which produce pneumatization. 

The tendency to pneumatize varies, depending probably on two factors: 
the amount of periosteal bone which is added to the pyramid; and tne 
presence of normal eustachian tube function to provide free aeration. 

The extent of the air cell system is of primary importance in the 
dissemination of infection. Petrous pyramids may be divided into two 
main groups: those without, and those with pneumatization. In the former 
group, which includes about two-thirds of adult bones, the system of air 
cells is limited to the mastoid with possible extensions into the zygomatic 
root and squama. In these, the labyrinthine capsule and the bony canal 
of the internal carotid artery form a natural barrier of dense bone between 
the marrow-containing apex of the pyramid and the air-containing middle ear 
and mastoid. In this group the contact between marrow spaces of the 
pyramid and the cell system is limited to small areas in front of or behind 
the superior semicircular canal. Invasion of these areas by infection does 
not occur; partly because their limited extent favors an adequate defense 
reaction, and also because the adjacent air cells drain freely to the middle 
ear (Fig. 1). The efficiency of this barrier is hereby illustrated in a case 
of middle ear suppuration in the presence of uncontrolled diabetes mellitus. 
In this case the reduced general resistance to infection undoubtedly predis- 
posed to the relatively rare complication of osteomyelitis of the cranial 
vault as a direct extension from the mastoid cells. The marrow spaces 
of the apex were sufficiently protected, however, although small extensions 
lay adjacent to the cell system (Fig. 1) and showed an inflammatory 
response. 

The mastoid air cells begin to form before birth and pneumatization 
keeps pace with growth of the bone’. Infection of the mastoid is, there- 
fore, an infection of the air cell system rather than an osteomyelitis from 
infancy onward. Extension from the cell system to the marrow spaces of the 
squama or zygomatic root are rare, because erosion of the thin outer or 
inner cortex provides an easier exit for the suppurative process. Extension 
to the marrow spaces of the pyramid tends to be prevented in the infant by 
the labyrinthine capsule, but this natural barrier persists throughout life only 
in nonpneumatized pyramids. 

Although invasion of the marrow spaces of the bones of the vault 
rarely occurs from the cell system, the reverse process takes place readily. 
A spreading osteomyelitis of the cranial vault easily invades the cell 
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system of the mastoid (Fig. 2) producing a diffuse suppuration of all middle 
ear air spaces. The extension of an osteomyelitis of the vault to the petrous 
pyramid is prevented by the interposed air cell system and the dense 
labyrinthine capsule. In those bones with pneumatization extending into 
the pyramid the comparative isolation of the apex from a middle ear in- 
fection no longer exists. 


fosterior 





Fic. 1.—Case No. 1: Suppurative otitis media in uncontrolled diabetes 
mellitus in an adult. Direct extension to marrow spaces of the bones of the 
vault but not to the petrous pyramid. 

Horizental section through an upper level of the pyramid showing 
superior semicircular canal (S.C.), the geniculate ganglion (G.G.), the malleus 
(M) and incus (I). The air cells (A.C.) filled with exudate mark the 
beginning of pneumatization of the perilabyrinthine area. The inflammatory 
reaction and early fibrous tissue proliferation in adjacent marrow spaces has 
protected the apex from invasion. 


PNEUMATIZATION 


Extension of the cell system into the pyramid begins shortly after 
infancy and may be well developed by the fourth year **. It was found 
in one-third of all bones of four years of age and over on examination of 
serial microscopic sections’. 

Since the periosteal layer of bone in which pneumatization occurs 
varies in its amount and location, and may occur mainly on either of the 
inferior, posterior or superior aspects, the cell tracts which develop vary 
correspondingly in their location. The most frequent site of pneumatization 
is the posterosuperior angle of the pyramid, medial to the superior semi- 
circular canal where a large block of bone is deposited to fill out the 
subarcuate fossa after birth. This area is pneumatized from the epitympanum 
and mastoid. Air celis beneath the labyrinth develop either from the mas- 
toid or hypotympanum’. 

Relatively few marrow spaces may remain back of the labyrinth, but 
the air cells in that area may border freely on marrow spaces extending 
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from the apex. These perilabyrinthine air cells may be demonstrated 
roentgenographically on the Stenver’s and occipital projections’. 
The apex of the pyramid is pneumatized to some extent in over 20 
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Fic. 2.—Case No. 2: Diffuse spreading osteomyelitis of the 
cranial vault. The section shows the extension of the osteomyelitic 
process in the squamous portion of the temporal bone to the air 
cell system of the ear. 


Posterior fossa 
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Middle fossa 






Fic. 3.—Horizontal section through the upper level of a petrous pyramid with a 
localized area of suppuration in the group of cells behind and above the labyrinth which 
extended through the cortex to the meninges. The marrow spaces of the apex show 
diffuse fibrosis and sclerosis. (Case reported in Ann. Otol. Rhin. & Laryng. 47: 3, 1938) 


per cent of bones. The amount of marrow replaced by air cells varies, but 
is usually less than half. Only a single large cell may be present. This 
is in contrast to the apex of the monkey, where extensive pneumatization 
is the rule. 

From a practical viewpoint a single cell may be as important as a 
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group of cells, since it provides a portal of entry for infection. The 
length and size of the channel or bottleneck through which pneumatization 
has developed has a greater influence on the course of the suppuration 
than the size of the pneumatized area. 

The apex is pneumatized in two principal regions. In one group the 





Fic. 4.—Roentgenogram of the skull in the transorbital projection made 
immediately after surgical drainage of the petrous apex. The end of the 
probe lies in the center of the suppurative focus. The apex was drained over 
three months after mastoidectomy. Recovery was rapid. 


Posterior fossa 





Fic. 5.—Case No. 3: Horizontal section through an upper 
level of the petrous pyramid showing the mastoid antrum, the 
superior semicircular canal, and the air cells in the apex filled with 
exudate. These air cells developed from the epitympanum and 
provided an entrance for infection. From them it extended to 
surrounding marrow spaces (See Figure 6) which at this level 
show chronic fibrosis and sclerosis. 


air cells extend along the posterosuperior angle over the internal auditory 
meatus. This represents simply an extension of perilabyrinthine pneumatiza- 
tion and the cells lie in the upper half of the apex underneath the cortex 
of the middle fossa (Fig. 5). In the other group the cells have developed 
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from the tympanic cavity or peritubal cells in relation to the carotid artery, 
and lie mainly in the lower half of the apex. 

The cells in the upper part of the apex are shown roentgenographically 
on the Stenver’s and transorbital projections, while those in the lower half 
require an axial or mentovertical view. 

The pathway of pneumatization provides the key to the interpretation 
of clinical and roentenologic findings and to the simplest route for surgical 


drainage. 
ACUTE OSTEOMYELITIS 


Invasion of the marrow spaces by infection may occur by several routes, 
but in the overwhelming majority it is a direct extension from the air cell 
system. 

Hematogenous infection has occurred in severe puerperal infection 
and also from an osteomyelitis elsewhere in the body*®. Such an osteo- 
myelitis tends to spread to the air cell system. 

Direct invasion of the apex from an osteomyelitis of the sphenoidal 
bone may occur’ as well as the reverse process. Acute osteomyelitis has 
been observed also as part of a panotitis of meningitic origin in the late 
stages of meningitis. 

Hematogenous invasion of the apex by tuberculous infection is common, 
particularly during a miliary dissemination,’ and tends to involve the 
air cell system as well. 

The common type of osteomyelitis of the pyramid is that in which 
the infection extends directly from the middle ear cell system along pneuma- 
tized tracts. Although the gross appearance has suggested invasion of the 
apex in nonpneumatized pyramids, the microscopic studies so far have con- 
sistently shown the presence of tracts of air cells leading in to the pyramid 
which permitted free entrance of the infection. The disease, therefore, 
appears to be a potential only in pneumatized pyramids. 

The usual anatomic arrangement of such cell tracts is that the air 
cells broaden out as the tract reaches certain areas, notably the apex 
(Fig. 5) and the area in the angle behind the labyrinth. Since such air 
cells have no cilia to aid in their protection, but depend upon the circula- 
tion for mobilization of their defense, infection passes inward readily, 
but the resultant swelling of the mucoperiosteal lining membranes impedes 
drainage at the narrow points of exit. One and sometimes two bottle- 
necks must, therefore, be traversed by the purulent discharge in reaching 
the middle ear and external canal, thereby creating a tendency to obstruction 
of drainage. 

The existence of adequate drainage has been a primary factor in the 
control of such infection. With the use of sulfonamides and_ penicillin 
in the invasive or early stages, such infections may now be controlled almost 
without exception; but after suppuration has become advanced, these drugs 
are less effective and adequate drainage continues to be essential for 
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recovery. Retention of suppuration within a pneumatized area leads to 
absorption and breakdown of the cell partitions with invasion of contiguous 
structures, the infection following the path of least resistance. 

Suppuration in the group of cells behind and above the labyrinth 
with inadequate drainage tends to invade the middle or posterior cranial 
fossae. It may also cause erosion of the labyrinthine capsule and laby- 
rinthitis. Sequestration of portions of the semicircular canals may occur 
in such cases®, probably as a result of destruction of blood supply of their 
narrow bony walls. Chronic suppuration frequently occurs, sometimes 
with a persistent postauricular fistula after mastoidectomy. The occur- 
rence of osteomyelitis appears to depend on the proximity of the mar- 
row spaces of the apex. In some there is little involvement and in others 
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Fic. 6.—Case No. 3: Horizontal section through the midpor- 
tion of the labyrinth, below the air cells shown in the apex in 
Figure 5. 

Diffuse suppuration and necrosis involves the whole apex with 
several bony sequestra. The disease was localized by sulfadiazine 
therapy and remained quiescent for over a year but eventually 
destroyed the inner ear and invaded the meninges. 


a localized invasion of adjacent marrow varying from a mild fibrosis 
to suppuration and necrosis. The tendency to produce diffuse osteomyelitis 
increases with the extent of the cell tract into the apex. The marrow 
possesses considerable capacity for resistence to infection and in some 
cases the cortex and meninges may be invaded while the marrow exhibits 
only a diffuse reactive fibrosis and sclerosis (Fig. 3). In others, irregular 
areas of necrosis develop and eventually the whole apex may be involved 
(Fig. 6). Such a suppurative focus constitutes a combination of broken- 
down air cells and marrow spaces. The suppuration shows a greater tendency 
to break through the bony cortex and invade the cranial cavity, the inner 
ear, or the neck than to extend as an osteomyelitis to the basi-occiput 
and sphenoid. Such a tendency may be due in part to the type of organism, 
which is usually an hemolytic Streptococcus or Pneumococcus, and seldom a 
Staphylococcus. 
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i-vom a clinical viewpoint, the localizing tendency is of practical im- 
portance. The establishment of drainage during this stage is usually 
sufficient to effect a rapid cure. Suppuration which has been present as 
long as two and three months with extensive destruction of the apex may 
heal rapidly after surgical drainage (Fig. 4). Extension to the marrow 
spaces of the occiput and sphenoid may occur, however, and is indicated 
by clouding of the sphenoid sinus on roentgenologic examination, due either 
to thickening of its mucosa or suppuration. The osteomyelitis may spread 
to the opposite temporal bone and usually results in invasion of the 
meninges. 


CHRONIC OSTEOMYELITIS 


Suppuration in the perilabyrinthine part of the pyramid has frequently 
become chronic when not drained adequately, and frequently accounts for 
a persistent fistula after mastoidectomy and sometimes sequestration of 
parts of bony canals; but may not constitute an osteomyelitis. Suppura- 
tion of the apex may also become chronic and persist for years without 
complication. Localization of the source of discharge along with roentgen- 
ographic evidence of sclerosis may permit the diagnosis. Such suppuration 
is probably similar to that which occurs in the mastoid, involving air cells 
primarily with a reactive sclerosis of adjoining marrow spaces. 

Since the development of sulfonamide therapy, a number of cases of 
chronic osteomyelitis of the apex have appeared which without these drugs 
would probably have succumbed in the acute stage to a complication. With 
chemotherapy the suppurative process has been localized. The course and 
fate of such a suppurative process varies and is influenced by such factors 
as the extent of the osteomyelitis and the degree of drainage. Sulfonamides 
in high concentration as well as penicillin therapy have sometimes failed 
to effect more than a temporary alleviation of the process. 

This temporary localizing effect was demonstrated by the case illustrated 
in Figures 5 and 6. In this case the infection in the middle ear spaces due 
to the hemolytic Streptococcus gained access to the apex from the epitym- 
panum along a pneumatized tract (Fig. 5), setting up a diffuse osteomyelitic 
process. The blood stream and inner ear were invaded. A _ thorough 
course of sulfadiazine together with mastoid exenteration was followed by 
an apparent cure and complete cessation of discharge. Fifteen months 
later, however, a fatal meningitis developed and on postmortem examination 
a chronic osteomyelitis of the apex was found with several large bony 
sequestra (Fig. 6). 

In retrospect, it appears that the osteomyelitis was already established 
before the treatment was instituted. The recognition and successful surgical 
removal of the sequestra would scarcely have been possible, but simple sur- 
gical drainage of the apex along with chemotherapy might have obviated 
further complications. 

An illustration of the combined effect of surgery and chemotherapy 


1067 








y A Annals of Surgery 
J. R. LINDSAY December, 1945 


in chronic osteomyelitis of the apex is afforded by the case illustrated in 
Figures 7 and 8, in which the disease has now been under observation 
and treatment for seven years. As in the previous case, the disease began 
as a unilateral middle ear infection due to the hemolytic Streptococcus, 
Invasion of the apex along a pneumatized tract was followed by cell break- 
down and osteomyelitis. The inner ear was destroyed, the blood stream 
invaded, and an abscess formed in the neck. Following mastoid drain- 
age and sulfanilamide therapy the acute symptoms subsided, leaving a 
chronic discharge from the middle ear and a fistula in the neck. The petrous 
apex was not drained surgically until one year later when meningitic 
signs appeared. Since that time osteomyelitis has spread by way of the 
basi-occiput and sphenoid to the opposite temporal bone, invading the 
middle ear air spaces and the labyrinth. Both petrous apices have been drained 





Fic. 7.—Case No. 4: Chronic osteomyelitis of both petrous 
apices and the body of the sphenoid, seven years duration. Roent- 
genogram of the base of the skull in the axial or mento-vertical 
projection. In this case the progress of osteomyelitis could be 
traced from one petrous apex across the basi-occiput and sphenoid 
to the opposite temporal bone. Both apices have been drained 
surgically. This roentgenogram shows a silver probe in one apex 
at Operation. Defects in the bone are visible in both apices and 
the body of the sphenoid. 


surgically along with an extremely heavy course of sulfadiazine and later 
penicillin. This patient continues to have an active osteomyelitis (Fig. 7) 
and slight discharge from both ears and the neck fistula (Fig. 8), but is 
otherwise in apparent good health except for total deafness. 

The survival of this patient must be credited to the combination of 
chemotherapy and surgery. Unfortunately, at the time each inner ear was 
invaded, the patient was not seen in time to permit surgical drainage of 
the apex before function had been destroyed. 

Cases such as these two illustrate clearly the limitations of chemo- 
therapy in the present form after an osteomyelitis has once been established. 
Surgical drainage must be considered as an essential part of the treatment 
in both the acute and chronic stages, if complications such as destruction 
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of the inner ear or invasion of the cranial cavity are to be avoided. In 
the presence of chronic osteomyelitis with possible sequestration or ex- 
tension to other bones of the base of the skull, a combination of chemo- 
therapy and surgical drainage may serve to keep the process localized but 
fail to effect a complete cure. 


SUMMARY 


1. The middle ear air spaces separate the marrow spaces of the bones 
of the vault from the petrous pyramid and other bones of the base of the 
skull. 

2. Infection passes readily from 
marrow spaces to air cells, but ex- 
tension in the reverse direction meets 
greater resistance. The cell system, 
therefore, tends to limit the spread of 
osteomyelitis between the vault and 
the base of the skull. 

3. Osteomyelitis of the petrous 
pyramid sometimes occurs by the 
hematogenous route or by extension 
from other bones of the skull base, 
but is usually a direct extension from 
middle ear suppuration. 

4. The dense labyrinthine capsule 
forms a barrier between the marrow- 
containing apex and the middle ear 
cell system in the majority of bones. 
In about 20 per cent of bones, how- 
ever, the air cell system invades the 





apex, creating a direct entrance for 


infection and the possibility of os- soaak#®: 8;-Case No. 4: Photograph showing the 
a ocation of the fistula in the neck posterior to the 
teomy elitis. sternocleidomastoid muscle. Purulent discharge 


with hemolytic streptococcus on culture persists 


5. A tendency to obstruction of from the fistula and from both ears. 


drainage created by natural bottle- 
neck predisposes to breakdown of cell partitions and invasion of surrounding 
marrow spaces in the apex. 

6. Osteomyelitis tends to remain localized within the apex during 
the acute stages and responds well to surgical drainage. 

7. Chemotherapy provides a valuable aid in localization, but cannot 
be depended upon to cure without surgical drainage. 

8. In the presence of sequestration or extension of the osteomyelitis 
to other bones of the base of the skull, the combination of chemotherapy 
and surgical drainage offers a means of avoiding dangerous complications 
but may fail to eradicate the disease. 
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THE PRESENT STATUS OF ETHYLENE-OXYGEN ANESTHESIA 
H. M. Livinestonr, M.D. 


Curtcaco, Itt. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


Ir Is FITTING that a review of the present status of ethylene be made at 
this time. From the introduction of this anesthetic agent in humans in 1923, 
through 22 years of extensive clinical usage, Doctor Phemister has had 
intimate contact with ethylene. 

In 1770, Priestley! referred to Ingenhousz as the first to generate ethylene. 
Likewise, in a Latin text (Physica subterannea) Becker is credited with 
first generating ethylene. The medical literature contains erroneous and 
confusing reports in regard to further investigations concerning ethylene 
during the next century.? In 1885, Luessem used an ethylene-oxygen mix- 
ture to produce unconsciousness in frogs, rabbits, a canary, two dogs and a 
guinea-pig, and then inhaled the gas himself, but not to the stage of uncon- 
sciousness. 

Apparently, from 1885 to 1918, the only further investigations were in 
1901, when Neljubow noted the effect of ethylene on etiolated seedlings, 
and, in 1908, when Crocker and Knight, of the Hull Botanical Laboratories 
of the University of Chicago, found that ethylene put carnations “to sleep.” 

In 1918, Luckhardt and Thompson,* working independently, and without 
knowledge of the work of Luessem and earlier investigators, established on 
frogs, rats and a dog both the anesthetizing and analgesic properties of a 
mixture of 80 per cent ethylene and 20 per cent oxygen. A report made by 
Brown,’ in March, 1923, from work on mice, rabbits, cats and dogs, confirmed 
the results obtained by Luckhardt and Thompson. 

At this time Luckhardt and Carter were establishing on themselves and 
others the analgesic and anesthetic properties of ethylene. On January 21, 
1923, this agent was first demonstrated to a group of scientists at the Uni- 
versity of Chicago. J. B. Carter was the first human anesthetized with this 
gas. Doctor Phemister was the first surgeon to be anesthetized with ethylene, 
which event occurred on February 4, 1923. Surgical procedures under 
ethylene began on March 14, 1923, when Dr. Arthur Dean Bevan removed 
sebaceous tumors of the scalp from a patient at Presbyterian Hospital, 
Chicago. Dr. Isabella C. Herb was the anesthetist.” On April 27, 1923, 
Luckhardt and Carter reported the first 106 operations performed under 
ethylene at Presbyterian Hospital.® 

Throughout the era of modern anesthesia, news of most new anesthetic 
agents spread rapidly, and soon thereafter many individuals have given these 
agents clinical trial. Although the next few years marked widespread use 
of ethylene, unfortunate newspaper publicity associated with a few explosions 
led to the discontinuation of its use in certain localities. Later developments 
have shown that the explosion potentiality of this agent is practically no 
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greater than that with nearly all of our inhalation agents, as will be discussed 
subsequently. With this additional fundamental physical knowledge, ethylene 
has continued to be popular in some localities, as is illustrated by such reports 
as 61,924 administrations at the Mayo Clinic’; and 35,500 at the Sayre 
Clinic.8 That this agent has also aroused interest and use in foreign coun- 
tries is evident from communications from Italy,® South America,!° and 
Belgium,* among others. 

It is the purpose of this communication to review the present physical, 
physiologic and pharmacologic knowledge of ethylene, and to evaluate 
clinical results with this agent. 

Chemically, ethylene may be considered as dehydrated ethyl alcohol. 
C,H,OH plus heated H,PO, equals C,H, plus H,O. Orthophosphoric acid 
was used as a decomposing agent when ethylene was first prepared by 
Luckhardt and Carter. Sulfuric acid has been used to dehydrate the alcohol. 
It may also be prepared by cracking propane. Ethylene is an unsaturated 
hydrocarbon gas, and adds halogen and acids. Compressed in steel cylinders, 
U.S.P. requirements are that a cylinder must contain not less than 99 per 


cent by volume of ethylene. Actually, some of the commercial products 


average 99.70 per cent pure ethylene (99.50 per cent minimum to 99.90 per 
cent). Impurities may be other hydrocarbons, such as propane, methane, 


or acetylene ; carbon dioxide, nitrogen, hydrogen sulfide, aldehydes, phosphine, 


or traces of carbon monoxide. It is free from these impurities when mar- 


keted for anesthesia. 
Physically, ethylene is a colorless gas with a sweet, musty odor which 


patients rarely find offensive. The odor varies according to the impurities 
in the gas. When properly made by the dehydration of alcohol it has a 
pleasant odor.’ It is a nonirritating gas. Ethylene has a molecular weight 
of 28; specific gravity of 0.97; boils at —103° C. and liquefies at 10° C. 
under 60 atmospheres. It has a flash point below 32° F. 

That the fire and explosion hazard is inherent in all inhalation anesthetic 
agents except nitrous oxide, and chloroform is well illustrated by Table I. 


TABLE I 
LIMITS OF FLAMMABILITY OF ANESTHETIC GASES 


Flammability Limits 
Per Cent by Volume 


| Sp. Gr. 

Substance Atmosphere Lower Upper (Air) 
A a er Air 1.85 25.9 2.56 
oe by Ta a er Oxygen 234 82.0 
NS Air 4.0 14.8 2.23 
oct wate s\5.6 S0a'0's.850 Air 3.05 28.6 0.97 
LAURE en Oxygen 3.10 79.9 
on ETRE ETE Air 2.45 10.45 1.45 
oS er Oxygen 2.48 60.00 
eg Ce a ae Oxygen 1.8 85.0 
ee ree eee rer ere Air 3.40 32.5 
SRA eee Oxygen 3.40 90.0 


*U.S. Bureau of Mines. 
+ Buchman and Wardell-Ohio Chemical Co. and Prof. Hoyt 


Massachusetts Institute of Technology. 
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As emphasized in Table I, the fire and explosion hazard is markedly 
increased when oxygen is added to the anesthetic agent. Ethylene-oxygen in 
anesthetic mixtures usually can be administered in a range outside the 
flammable limits. This is not true of all inhalation agents, as can be seen 
in Table I. 

Anyone employing ethylene should abide by the Report of the Committee 
on Anesthetic Accidents'® and not use mixtures too rich in oxygen, since 
they stated that when the percentage of ethylene mixed with oxygen is 
about 25, with a considerable range above and below this percentage, the 
explosions are of detonating force. With still higher concentrations of 
ethylene in oxygen the force of the explosion decreases. At an upper limit 
of 80 per cent ethylene mixed with 20 per cent oxygen, explosibility ceases. 
Fortunately, this is a good anesthetic mixture and provides adequate oxy- 
genation for most patients. 

That the common practice of adding ether to nitrous oxide-oxygen makes 
a mixture which from a practical standpoint is equally dangerous, has been 
illustrated by explosions and deaths.’ Greene,?® in a clinical investigation 
of 230 cases of fires or explosions during anesthesia, stated that ether-oxygen, 
with or without nitrous oxide, has the same tendency toward propagating a 
wave of flame or pressure through the respiratory tract, as have ethylene- 
oxygen or cyclopropane-oxygen when compared under similar clinical circum- 
stances, 1.e., the location of the point of ignition with reference to the respira- 
tory tract of the patient. 

Since explosions are statistically today one of the least of the hazards of 
anesthesia, they should not deter us from the use of any of these valuable 
agents, but instead only emphasize the need for the medical profession to 
have knowledge of anesthetic combustion, and act accordingly during the 
employment of these agents, to ensure their safe usage. 

Among widely accepted practices that should be followed in the use 
of all explosive anesthetic agents are methods to eliminate static sparks, 
which are responsible for the greatest number of explosions. These include: 

a. Wetting the mask, tubing, hands and breathing bag (if possible) imme- 
diately before the mask is applied. 

b. Do not have the gas flowing at the time the mask is applied or lifted. 

c. Keep the anesthetist’s hand in contact with the patient’s face and mask 
at all times when the gas is flowing. 

d. No cautery or sparking device should be employ ed. 

Maintenance of a relative humidity of 60 per cent, or above, in all 
tiie rooms. 

f. The Horton intercoupler or some other method of ae ground- 
ing patient, operating table and anesthetist seems advisable. 


PHYSIOLOGIC AND PHARMACOLOGIC EFFECTS 


Induction of anesthesia with ethylene-oxygen is rapid and pleasant. An 
excitement stage seldom occurs.” There is no increase in mucus secretions 
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and no irritation of the pulmonary endothelium.’® Respirations may be 
increased or slightly irregular during induction, but are normal during first 
and second plane of surgical anesthesia. 

Spectroscopic examination revealed that apparently ethylene does not 
enter into chemical combination with the hemoglobin of the blood.? It is 
believed to exist in the blood in a state of physical solution, which may explain 
the rapid recovery period. The solubility of ethylene in blood varies with 
its water and lipoid content.*° Nicloux. and Yovanovitch™! found that 70 
to 80 per cent of the ethylene present in whole blood is in the cellular elements 
and the remainder in the plasma. They could detect only traces of ethylene 
in the arterial blood two minutes after administration was discontinued. 
Perhaps their analytic methods may not have been very sensitive. Seevers, 
DeFazio and Evans,”* from analysis of intraperitoneal and subcutaneous gas 
pockets in rabbits, and dogs, concluded that both ethylene and cyclopropane 
were present in tissues many hours after the animal had apparently recovered 
from anesthesia. Nitrous oxide diffused through the human skin 20 times 
as rapidly as ethylene.”* 

Ethylene had little effect on the osmotic resistance and fragility of red 
cells to hypotonic saline, while ether or chloroform caused a marked reduction 
in the osmotic resistance of the red cells.”* 

The color of the blood should always be kept normal, and no evidence 
of anoxia be permitted. As with any of our anesthetic agents, the range of 
anesthesia for man varies considerably with the individual. That ethylene- 
oxygen can give second plane surgical anesthesia in many individuals without 
producing anoxia has been previously reported.”” Our knowledge of the 
effects of specific concentrations of ethylene-oxygen is based upon arterial 
blood oxygen determinations made simultaneously with intratracheal, and 
breathing bag analyses, compared with the gas machine readings. 

Relaxation with ethylene-oxygen is only moderate. It is usually adequate 
for everything except intra-abdominal work. It must be remembered that 
further decrease in the amount of oxygen in the anesthetic mixture gives 
lessened muscular relaxation because of the introduction of the mechanism 
of asphyxia. This asphyxia is manifested early in the eye. During first 
plane surgical anesthesia the lid reflex is rapidly obliterated but the activity 
of the eyeball muscles is present and a lateral oscillation is noted. In second 
plane surgical anesthesia the eyeball remains in the centric position indi- 
cating that the extra-ocular muscles are paralyzed and flaccid. This is aided 
by adequate premedication. In acute asphyxia the eyeball assumes an 
extremely eccentric and fixed position, either upward, or downward, or 
lateral. The pupil also dilates, the amount of dilatation depending upon 
the amount and kind of premedication used. This is due to the paralyzing 
effect of anoxia upon the iris muscle as well as other muscles. These mani- 
festations are not due to the anesthetic agent per se, but to the asphyxia. 
Cyanosis is usually present with these manifestations of asphyxia, unless 
severe anemia or jaundice is present. 
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Death with ethylene is due to asphyxia. In dogs the respiratory center 
fails first. Heart action at the same time is quite normal and if artificial 
respiration is started at once the animal will recover promptly.2 These 
same manifestations have been observed in humans. 

During induction of anesthesia with ethylene there is no spasm due to 
direct irritation. According to Guedel,?* the relative frequency of the occur- 
rence of such spasm is seen with other inhalation agents, in the following 
order: ether, chloroform, ethyl chloride, divinyl oxide and cyclopropane. 
There is no tendency to increased laryngeal, bronchiolar, cardio-aortic or 
vagovagal reflexes, or any effect on cardiac automaticity as is observed in 
certain patients under cyclopropane anesthesia.?* Reflex laryngospasm may 
occasionally be initiated by the stimulation of sensitive regions, such as 
periosteum, peritoneum or direct trauma to nerve trunks. It is of rare 
occurrence in orthopedic surgery. It is occasionally seen in chest surgery 
during stripping of the periosteum. It is then of brief duration, and ceases 
without producing ill effect as soon as the stimulus is removed. This sensi- 
tivity is decreased with adequate premedication. 

Caine and Reynolds*§ reported that electrocardiographic studies made in 
dogs and cats during ethylene anesthesia gave no evidence of disturbance in 
cardiac automaticity or conduction. Kurtz, Bennett and Shapiro”® found 
that procaine or ethylene are the anesthetic agents giving the lowest incidence 
of arrhythmias in humans. Ethylene gives no marked stimulation or de- 
pression of the vagus center.* The heart rate may increase slightly during 
induction if excitement is present, but cardiac action remains clinically 
normal during maintenance. Blood pressure usually remains normal, or only 
slightly elevated, after an initial rise which may be seen during the rare 
occurrence of excitement.*® Killian*! found no change in the EKG, and a 
stable pulse and blood pressure under ethylene anesthesia. Both the vaso- 
motor and respiratory centers are not affected if the gas is administered 
properly without hypoxia. Ethylene is not a stimulant of the parasympa- 
thetic system. 

The study of blood changes under any anesthetic is dependent upon the 
amount of oxygen in the circulation. Therefore, all anesthetic agents should 
be administered without cyanosis, labored or depressed respiration, or other 
evidence of hypoxia. 

From results obtained both in dogs and humans, Trout®? concluded that 
ethylene-oxygen produces less alteration of the percentage of blood sugar, no 
appreciable change in either the coagulation time or the bleeding time, and 
only a slight disturbance of the native complement when compared with ether, 
chloroform, nitrous oxide-oxygen and regional (sacral) anesthesia. Leake 
and Hertzman** found that when there is no anoxemia, ethylene does not 
lower the px and carbon dioxide content of arterial blood beyond normal 
limits, while ether or chloroform cause a marked and rapid change. Lemann,** 
from a study made upon diabetics who had undergone major surgery, pre- 
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ferred ethylene, which at no time gave any occasion for anxiety due to the 
anesthetic. 

Brumbaugh* concluded from a study of 15 humans that ethylene-oxygen 
caused no change in the hemoglobin, coagulation time or character of the 
blood clot; only slight temporary decrease of the carbon dioxide combining 
power of the blood; the blood sugar although immediately increased, very 
quickly returned to the preanesthetic level; no immediate increase in blood 
urea, and only a slight increase in 24 hours; and contrary to the observa- 
tions of Yates and Raine*® found no appreciable change in the icterus index, 
or derangement of the biliary system. 

The results of Yates and Raine,*® and also Oberhelman and Dyniewicz,*® 
agreed with the acid-base balance observations of Leake and Hertzman.** 
Oberhelman, et al., reported that the changes in the nonprotein nitrogen 
constituents of the blood were insignificant and within normal variations. 

Ethylene has less toxic effect on the kidney parenchyma than has ether.** 
Asphyxia of even normal kidneys for short periods of time leads to more 
or less disturbance of kidney function. Therefore, this is another reason why 
the asphyxia which is an inherent hazard of all anesthetic agents and methods 
must be avoided. Brumbaugh** found on chemical and microscopic study 
that the urine was normal after ethylene-oxygen anesthesia. Walton*® ob- 
served that ethylene did not affect significantly the chloride, urea, and phos- 
phorus output, or dye excretion and water diuresis in dogs, and concluded that 
there was no appreciable decrease in the 24-hour urinary output. 

Stander*® reported that ethylene produced no demonstrable lesions in 
the kidney. He also stated that anoxemia alone caused degenerative changes 
in liver cells. 

Histologic examinations of body tissues after repeated administrations of 
ethylene over long periods of time were made by Bouchaert,’® Franken and 
Miklos.41_ No more than a slight amount of congestion or fatty change in 
the parenchymatous tissue could be found. It is generally believed that, in 
the absence of anoxia, ethylene has little significant effect on general metabolic 
activity. Prothrombin deficiency does not appear in the normal dog follow- 
ing ethylene anesthesia.*? Reynolds** observed no significant pathology on 
microscopic examination of kidneys, adrenals, hearts and lungs of white 
mice that had been repeatedly exposed to ethylene. 

While ether and chloroform anesthesia in dogs gave complete inhibition 
of the contractions of the stomach, small intestines and colon, during which 
there was a distinct lowering of muscular tone, Miller and Plant** found 
that light ethylene anesthesia caused an increase in the amplitude of the 
contractions, without change in tone in the same viscera. In deep ethylene 
anesthesia, or after the removal of the anesthetic, the contractions decreased 
or rapidly returned to normal. 

Johnson and Ivy** reported that ethylene depressed gastric secretion in 
man, but not to the same extent as ether. It also delayed the emptying time 
of the stomach. 
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CLINICAL EXPERIENCE 


Ethylene has been employed in this institution during 18,250 operations. 
Ethylene-oxygen alone has been the anesthetic in 11,560 instances. Table II 


TABLE II 
eee mera EIRENE i fo scrstct erate iad sis yin a so w..0 Sid ble e¥id wieroub Sis, WEE So er oe Soy Bee ee ee oe ne 11,591 
ORT RUE CUS NRE REINO isa ey. 0h g- hg Sse sh, 6s s8 awh 016 05a Sed vor ghe@: 81% ei wlar dated ate cobihors, 6 Ma aah Se oe 4,720 
Nitrous oxide-oxygen to ethylene-oxygen..... 0.0.0.0... cc cece ccc cece cece eceuccuccccceccceuceuae 238 
Be LOREEN EAD IR OUR (55.0 ley dv: S00 4.8 46 aa. 0 0-91 -¥-G6 ib iE Siow HA Gled he Sebi BS hER ERO bE 483 
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PAVOTUIE PI CEMYIGIO OXY BOR. 6/655 55.0.0. i 00k 0a s eslc co vlecdsle cece des eunsewacsodwwssinbsicdeeeeeeuase 288 
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18,250 


illustrates the frequency of the use of ethylene with other agents. Although 
ethylene combines satisfactorily with other anesthetic agents, a study of 
such a combination makes for confusion in attempting the evaluation of any 
one agent. For that reason, a detailed study has been made of only the 
patients who received ethylene-oxygen alone. The data herein presented 
concerns the last 3,210 consecutive patients where ethylene-oxygen alone 
was employed. The results obtained in this series are comparable to our 
previous experience. 

There were no fires or explosions in the entire series of 18,250 anes- 
thesias. 


ETHYLENE-OXYGEN ALONE 
There were no anesthetic deaths in our series. The very low incidence 
of anesthetic deaths with ethylene is illustrated by reports from Henson,*® 
which appears in Table III. This includes the anesthetics given in 38 New 
York City hospitals during a four-year period. In a later report he** stated 
that ethylene seems to be unquestionably the best of the anesthetics in present 
use, and that the use and application of this fact would save many lives. 


TABLE III 
ANESTHETIC DEATHS IN OPERATING ROOMS—NEW YORK CITY 


Four-year Survey (1937) 


No. of Deaths Per 
Agent Anesthesias 100,000 
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WMRMPIRANMREIES foo-2 3 xc 0c evo Pa nen dre oo¥9.8 Wh Cao aoe erm iare orale 188,820 13 
EINE Sc BSS sas AS wirodecd dN end Sa eS ee 12,707 ‘5 
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Since this is a teaching institution, our series of anesthetics has been 
administered by a large number of inexperienced anesthetists working under 
supervision. The group of 3,210 ethylene-oxygen anesthetics being analyzed 
were administered by 91 physicians, including teaching personnel, anesthesia 
residents, and rotating surgical interns in addition to a large number of 
junior and senior medical students. This fact must be considered in eval- 
uating the results. 


TABLE IV 


OPERATIONS UNDER ETHYLENE-OXYGEN ALONE 


RNR Ss re Dene oe das aiG utah wet bioub Noi Wie a Sika SiS Melb e alb Bia has RNS NR AS weed ob dieteiels 16 
ay Seg SIR NTE SER ST ee a Ee ate ea 128 
nn treet erent eee oaks Lai wh anit Wile es xe haw REAL Sed oC eas OSKawe ee ye etecas 200 
EA en kc Ck cis sos Sak Ce RIM oR OO ke oe eee She Ghee eteewe 152 
eS NE eh ere nen. CLC Wah wiylnmis ests bats Wale vate Win wale NeW oe whee wee awe eaew 184 
I ne OS A a ial aero SiS ed © pls We MRR wie lk ears hea Wleibcs Ewe eee eaewe’s 139 
LSE NOS See St sss Galen co: fod. 6-%.0. 0 Ww Sia bw OM Daa SM avo 6 See els dae. ba cake 29 
ee rn ERNE RMRCOUGIMUDIRUIAY 5 5 5 ose ss o.3 sc nice 3b bd 0a abu vas ew eee ceed euwe wees Sees sarits 40 
SE ae cS ST 2s 5nd iw, Weiler im alla “Sis! Bigs Se loc wn Lupine ecb Ma yee eew evel a ecb 191 
Seer orncee Civeart, Sime, MOCCASIN, EGOPNAGUS). . 0. 65s sce sce cases cccnsccccsscccssdscees 141 
a ee etre Staats gp sais S e.c 5 Siw aie dae be Ss bias Svde doa clee sam weeeoeee 57 
SE CU ee EL EW ag! ian: Biaic e's) 6 ais Sia SS Wis ak SS Bee Dabs bereadeesceesies 33 
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NE SNCS nei sia obs gn 5 See SAS N NES DHS ies OG 0 baCe ew Ob Ge wke~e eave 11 
a one rae, rs i sols Sue ie als orslalnSiliaie Hiereie wees SEs Sass 23 
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This group was composed of 1,503 male and 1,707 female patients. Their 
age variation was: 


I- 9 years = IOI 30-39 years = 573 60-69 years = 239 
10-19 years = 645 40-49 years = 543 70-79 years= 74 
20-29 years = 603 50-59 years = 422 80-99 years = 10 


Premedication: It is necessary to lower the metabolic rate with premedi- 
cation to increase the potency of the gas and still maintain adequate oxygen 
in the blood. Apprehension should also be prevented. 

Under ordinary circumstances atropine has no place in ethylene anesthesia, 
since it is not irritating to either the mucous membranes or the cardiovagus 
activity. 

Morphine sulfate Gm. 0.010 to 0.015 hypodermically, and calcium nem- 
butal Gm. 0.18 to 0.27 in 50 cc. of water per rectum, both administered one 
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to 1.5 hours before anesthesia were found to be very satisfactory for adults. 
The barbiturate prevented apprehension yet rarely caused confusion or 
depressed respiration. This, no doubt, contributed greatly to a smooth 
induction. A wide variety of other types of premedication were occasionally 
employed. 

Table IV presents the type of surgery in which ethylene-oxygen alone 
was used. 

Table V presents in detail the 50 deaths that occurred following the 
3,210 operations, making a mortality rate of 1.5 per cent. There were no 
deaths in the operating room. It is of interest that the preoperative risk on 
the 50 patients was recorded as follows: Good, one; fair, seven; poor, 19; 
serious, 16; emergency (poor), six; semimoribund, one. The cause of death 
in most instances was determined at autopsy. Very few, if any, of the 
deaths were related to the anesthesia. The 13 deaths following thoracic 
surgery were considered by the surgeons to be adequately explained on the 
basis of the severity of the disease, and/or, the surgical procedure. Likewise, 
all the deaths from uremia were in patients who had uremia before anesthesia. 

Very major surgical operations were performed under ethylene-oxygen 
anesthesia. In this series were 141 intrathoracic operations upon the heart, 
lung, mediastinum and esophagus. This includes the first successful resection 
of the lower esophagus and esophagogastrostomy for carcinoma performed 
through the thorax. This was made on January 26, 1938, by Dr. D. B. 
Phemister, assisted by Doctors W. E. Adams, H. N. Harkins, H. Wilson and 
J. Post. The patient was a 53-year-old female, in fair preoperative condition. 
An uneventful ethylene-oxygen mask anesthesia was administered by Dr. G. 
Light, with a positive pressure type of anesthesia apparatus. Chart 1 illus- 
trates the satisfactory postoperative course. The patient is without evidence 
of recurrence at the present time. 

In order to evaluate the use of ethylene-oxygen in a group of patients 
who are poor surgical risks, a study of 191 thoracoplasties was made. One 
hundred and five male and 86 female patients comprised this group. The 
age variation was: one to nine years, one; ten to 19, seven; 20 to 29, 48; 30 to 
39, 87; 40 to 49, 32; 50 to 59, nine, and 60 to 69, seven. The preoperative 
risk was: Fair 72; poor, 81; serious, 37; and special, one. Table VI presents 
the postoperative complications that occurred. The circulatory complications 
were not related to anesthesia. The 27 instances of postoperative oxygen 
want were explained by the extensive collapse made by the surgical procedure. 
The 12.5 per cent incidence of postoperative nausea and vomiting occurred 
in 20 of the 25 instances only on the day of operation and was no doubt due 
both to anesthesia and morphine. Four patients (2 per cent) had retention 
or cystitis. The same number were given too much postoperative sedation 
with respiratory-depressing drugs. The minor respiratory complications 
included three hiccough and six cough. One accidental pneumothorax and 
two instances of pleural effusion were surgical complications. One contra- 
lateral spread of pulmonary tuberculosis may have been due to both anesthesia 
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and surgery. The one instance of bronchopneumonia occurred over two 
weeks after anesthesia. The high fever was explained on the basis of the 
disease. 


TABLE VI 


191 THORACOPLASTIES—POSTOPERATIVE COMPLICATIONS 


Time 
Total 1-3 4-7 7-14 i4-21 Within 

Complication No. Per Cent Op. Day Days Days Days Days 1 Month 
B.P. fall marked (not shock).. 3 1.5 2 1 
Traumatic shock. ......2.5.5+ 6 3.0 6 
MARV COLO i. ceiscvacceaes 3 s WE 3 
Pitiritlation. ........cc0se. 1 .5 1 
Transfusion reaction........ 1 so 1 
Moderate secondary anemia.. 2 1.0 1 1 
Overdose postop. depressing 

MOPED A tore sos Sie oe a aot 4 2.0 4 
Oxygen-want moderate...... 22 11.0 13 g 1 
Oxygen-want severe......... 5 ra 2 1 1 1 
a eee te era 3 1:5 1 1 1 
re 6 3.0 3 2 1 
Pleural effusion............. 2 1.0 2 
Accidental pneumothorax.... 1 a. 1 
Contralateral pul. tbe........ 1 5 1 
Bronchopneumonia ......... 1 we 1 
Nausea and vomiting........ 25 12.5 20 4 1 
te) 1 oD 1 
PUIG OVER 6665. 65s seca aes 16 8.0 3 10 1 1 1 
TN aie e268 s awa ore & 2 1.0 1 1 
EE COC Ee 2 1.0 2 
DI a aiiv asa eaeeaes és 1 0.5 1 
Positional neuritis.......... 1 0.5 1 
Retention or cystitis........ 4 2.0 2 1 1 
Moderate wound infection... 6 3.0 1 4 1 
Severe wound infection...... 1 0.5 1 


Since pulmonary tuberculosis was a definite factor in evaluating post- 
operative complications another group containing many poor risk patients 
not having tuberculosis was studied. This included 200 thyroidectomies 
performed upon 35 male and 165 female patients with mask anesthesia. The 
preoperative risks were: Good, 79; fair, 81; poor, 30; serious, eight; and 
special, two. The age variation was: Ten to 19 years, six; 20 to 29 years, 36; 
30 to 39 years, 47; 40 to 49 years, 61; 50 to 59 years, 36; 60 to 69 years, nine; 
and 70 to 79 years, five. 

The complications during and following anesthesia appear in Table VII. 

A notably low incidence of circulatory and respiratory complications 
occurred in these patients, many of whom had preoperative cardiovascular 
disease and underwent surgery which has inherent possibilities of inter- 
ference with, or damage to, the respiratory passages. 

In order to eliminate the factor of surgical interference with respiration, 
the 139 radical mastectomies were reviewed. The preoperative risks were: 
Good, 65; fair, 56; poor, 14, and serious, four. The age distribution was: 


1081 








H. M. LIVINGSTONE Annals of Surgery 


December, 1945 


Twenty to 29 years, two; 30 to 39 years, 20; 40 to 49 years, 44; 50 to 59 
years, 37; 60 to 69 years, 23; 70 to 79 years, 12; and over 8o years of age, 
one. Table VIII presents the incidence of complications during and follow- 


\ 


N 
etanny Nights 





Cuart I.—Showing postoperative course. 


TABLE VII 


200 THYROIDECTOMIES—COMPLICATIONS 


During Anesthesia Postoperative 
Number Per Cent Number Per Cent 

SIONS gs osiccs as asies a 8 4.0 RCORONIN  o5baGo.0 seas ses aas 1 5 
Moderate hemorrhage........ 3 i3 Moderate hemorrhage........ 5 28 
Traumatic shock............. 1 ss Circulatory failure........... 1 eo 
SEEN S vce on cc was 1 > PNIEINR ROI ss dios wiea'wre oye 6 3.0 
SN ee 1 o-) DOCH COUGIA Soa aic cis ed.c esas 3 1.5 
PIII 5 5 50.4.4 oo a:50,00 6 3.C circ: ect | i ie ae a 1 3$ 
eee ee ee 1 s8 CUMIIR os 0o ie <bricaans es 1 s$ 
Nausea or emesis............ 9 4.5 Nausea and emesis........... 26 13.0 
ROA Gde to sash woo ews «00.0 6 3.0 ROBRIRNMOR hs 55S :ad 6 066 2:8 oc0 and 1 S 
Moderate oxygen-want,...... 6 3.0 Moderate oxygen-want....... 1 5 
Severe oxygen-want........ 2 1.0 Respiratory depression....... 1 “5 
Moderate stridor............ 2 1.0 Ord ATAIYSIS . 6 o256< dais oe 1 &S 
Tracheal compression........ 1 6 Upper respiratory infection.... 1 «S 
Seer 3 15 OS Pe rere 11 5,5 
Insufficient premedication.... 6 3.0 Trauma to eye or skin........ 2 1.0 

ee ears Peer 2 1.0 

Cerebral embolus; thrombosis. 2 1.0 


ing surgery, which indicates a very low morbidity rate from anesthesia. 
There may be some direct stimulation of the vomiting center by ethylene, 
but this occurred no more frequently than with nitrous oxide or cyclopropane, 
and it was minimal in comparison with ether. Prolonged nausea and emesis 
after ethylene was rare. A great deal depended upon the amount of morphine 
the patients received. 
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SUMMARY 


Laboratory and clinical results indicate that ethylene-oxygen seems to 
be definitely the preferable inhalation agent for the poor-risk patient, includ- 
ing those with disturbed cardiopulmonary mechanisms. The reported death 
rate with ethylene is apparently lower than with any other inhalation agent. 

Ethylene is deficient in providing deep abdominal relaxation for the 
average patient. It has the same inherent explosive quality that is present 
in all inhalation agents except chloroform or nitrous oxide. 

Clinical experience inclines the author to believe, with Poe,**® that we 


TABLE VIII 
139 RADICAL MASTECTOMIES—COMPLICATIONS 
During Anesthesia Postoperative 
Number Per Cent Number Per Cent 

Insufficient premedication.... 4 2.8 Idiosyncrasy narcotic........ i Py i 
BrAAVORTOIO .6stse%.s.scesee0, 2 1.4 PENGUIN 6.5. ls aioe ssi0is- 2 1 Pa 
B.P. fall marked (not shock).. 9 6.3 B.P. fall marked (not shock).. 1 a 
Traumatic shock............. 3 21 Traumatic Ghock. ....5.0..... 1 a 
Moderate hemorrhage........ 1 Pe Moderate hemorrhage........ 1 sg 
Hypertension................ 3 21 Transfusion reaction......... 2 1.4 
Respiratory depression....... 5 3:3 Respiratory depression....... 2 1.4 
Moderate oxygen-want....... 1 wi PME is co Sore nse 854 ashes oe 2 1.4 
Respiratory obstruction...... 1 od RGU COIN vn6ivin'ndcs cweehaeds 1 ah 
WIEMIEIE iss io'a pie celaids 0s: 6s spre base 2 1.4 PUIMIRACVET os caiose-0bcca ee emedas 5 3.5 
MN Soci op suetidcae ecb eeeas 7 4.9 TRA eis Wale e's aideteecaeeacars 2 1.4 
re ey ery ree 5 3.5 ROB acid sea eSraidanieidiocauad 25 1735 
Ee i oe 5 3:5 Chronic tonsillitig............ 1 aZ 

Moderate wound infection. ... 5 3.5 


should give our patients the advantages and safety of this superior anesthetic, 
and that it merits more widespread employment, particularly for many 
operations in the patients classed as “poor surgical risks.” 
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ACOUSTIC TRAUMA 
H. B. Peruman, M.D. 


Cuicaco, Ii. 
FROM THE DEPARTMENT OF SURGERY (DIVISION OF OTOLARYNGOLOGY), UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


ONE may think of trauma as due only to direct contact between the primary 
force and some part of the body. However, it may be pointed out that the force 
may originate at some distance and be propagated to the body like a sound 
wave through the surrounding medium (air, water). An important example 
is the blast wave. 

The peripheral ear is a mechanism especially constructed to respond to 
pressure (sound) waves propagated by the molecules of the air at the rate 
of about 1,100 feet per second. The normal stimulus for the ear represents an 
exceedingly small pressure disturbance. When these pressure waves are 
sufficiently great they may traumatize the exquisitely delicate neutral elements 
suspended in the fluid of the labyrinth. 

Acoustic trauma (boiler maker’s deafness, explosion deafness, etc.) is a 
term used here to denote injury to the neural elements of the ear by noise. The 
war has aroused general interest in this cause of deafness, because so many 
people are exposed to the great noises associated with modern warfare. 

Noise has been an uncontrollable by-product of modern industrial civiliza- 
tion and modern warfare. While we have known in a general way for the 
past 100 years that noise is harmful to the ear, it is only during the last decade 
that any real progress was made in recognizing this kind of deafness and 
devising means for preventing it. 

This report deals only with the effect of noise on the auditory sense but it is 
well to point out that many other harmful effects of noise have been observed, 
such as the effect on working efficiency, mental function,! etc. 

The audiometer has been a great help in the study of this as well as other 
otologic problems. With the audiometer one can measure and record quan- 
tatively in decibels the hearing acuity for just audible sounds over a wide 
range of frequencies. The widespread use of the audiometer soon brought to 
light many cases of hearing loss not suspected by the subject. One type of 
hearing loss was characterized by an abrupt high tone drop in the threshold 
curve or by an isolated drop around 4,096 cycles per second. Careful investi- 
gation often indicated that the subjects had been exposed to loud noise. 
Audiometric examinations of large numbers of people known to have been 
exposed in this way, were made recently by Bunch,? Larsen,*? Rosenblith,’ 
and others. These studies help to establish firmly the relationship between this 
early defect in hearing and excessive stimulation. 

Noise may be defined as the sound sensation due to acoustic waves occur- 
ring at random intensity and frequency. In contrast, pleasing sound sensation 
is due to regularly recurring acoustic pressure waves. It is rare that the 
latter are sufficiently intense to cause deafness. 
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The analysis of noise is facilitated by modern acoustic, electronic instru- 
ments such as the wave analyzer, improved microphones, noise level meter, etc. 
A measure of the intensity and frequency of the component sounds in a partic- 
ular noise is often made possible with such tools. Some difficulty rémains in 
recording very brief acoustic pressure waves—such explosive noise as may be 
described as a pop, bang or crack, etc. The major disturbance may last only 
about 1/1000 of a second in these noises and it is difficult to devise apparatus 
that will faithfully follow such rapid phenomena (Fig. 1). 





Fic. 1.—Record of movement of the human middle ear mechanism (at 
the malleus) to explosive noise. Note that major reaction is over in 1/1000 
second. T is a 1000 cycle per second timing wave. 


Clinical experience has indicated some of the noises that are harmful to the 
ear, 1.¢., the noise of pneumatic hammers such as those used in rivetting and 
chipping steel, noise of various kinds of motors and turbines, noise of metal 
stamping machines, drop forges, and the noises from discharging firearms, 
and explosions of various kinds. Single shocks to the ear as from a tele- 
phone or from a blow on the ear can also damage the end-organ. 

Many occupations are known to be associated with impaired hearing, 7. ¢., 
boiler makers, steel workers of other kinds, aviators, machinists, engineers, 
etc. While many industrial operations are exceedingly noisy, few studies have 
been made in the factory because of the fear of employers that medicolegal 
suits may follow. The problem has been recognized by some legal bodies and 
rates of disability and compensation have been worked out that are based on 
the results of the audiometric examination. The most important use we 
make of our auditory sense is for understanding speech. The frequencies 
tested for in the audiometric examination vary greatly in their importance 
for hearing the human voice. Tests show that we can hear sounds varying 
in frequency from 20 to 20,000 cycles per second. It is exceedingly important 
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for speech perception to hear well through the frequency range between 500 
and 2,000 cycles per second. Considerable deafness above or below this range 
will have very little effect on our ability to understand speech. The ear is 
more sensitive through this range of sound in many different ways. The 
intensity needed to elicit a threshold response is much less than at a lower or 
higher range. Also through this frequency range we recognize more differ- 
ences in loudness and in pitch as the intensity and frequency of the sound is 
changed. Another property of the auditory sense may be mentioned: That 
is the ability of the cortex to fill in gaps in the auditory spectrum. Controlled 
experiments show that only a narrow band of frequencies through this range 
is needed to understand speech. A familiar example of this cortical phenom- 
enon is the ability to hear speech over a very poor telephone system—where 
most of the acoustic energy of a speaker at the other end of the line may not 
reach the listener—and only a narrow band around 1,000 cycles per second 
may reach the ear. Intelligibility is not greatly affected in spite of this dis- 
torted acoustic spectrum. The threshold curve obtained with the audiometer 
really measures only the capacity to hear. The cortex may compensate for 
considerable peripheral defect. Furthermore, people vary greatly in their 
demands on the auditory sense, i.¢e., a musician is much more demanding than 
a laborer. Consequently, the clinician cannot predict the amount of complaint 
by looking at the audiogram alone. It is also important to understand that 
speech is carried out ordinarily at an intensity of 40 to 60 decibels above 
threshold. With ordinary acuity, one can understand a low conversational 
voice easily at some distance from the speaker even against the background of 
considerable noise. Even when the threshold curve indicates a loss of 10 
to 25 decibels, not too much handicap results, because the listener will ordi- 
narily be close enough to the speaker to receive a sufficiently intense stimulus 
from an average speaker. As the threshold curve drops to 30 decibels, and 
below, the ability to converse is much more affected because the speaker must 
now be less than three feet from the ear of the listener to deliver adequately 
strong stimuli—while using a moderate voice. It is impractical to carry on con- 
versation at such close range or at a greater speech intensity. A small change 
in the hearing ability after it has dropped to the 30 decibel level, will, there- 
fore, be very noticeable to the patient in his ability to converse with others. 

With this general background of the auditory sense one may proceed to 
consider some of the factors involved in the deafness due to acoustic trauma. 
In the clinic, the diagnosis may be made after careful elimination of other 
possible causes, when the audiogram shows the particular characteristics de- 
scribed above. On the other hand, the diagnosis is relatively simple, if one 
examines a group of employees in a noisy industry. The high tone loss does 
not progress after the subject ceases to be exposed. Tinnitus, however, may 
continue. Deafness may fluctuate with relation to the immediate period of 
exposure. Considerable recovery takes place within hours after exposure. 

It is well to remember that after early childhood our auditory spectrum 
gradually shrinks from the high frequency end. This natural aging of our 
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Fic. 2.—Audiogram typical of early acoustic trauma. Such as may follow exposure 
for several hours to great sustained noise (i.e. aircraft engine) or exposure to a single 
explosive noise. 

Hearing for the conversational voice may not be affected. 

Fic. 3.—Audiogram typical of advanced acoustic trauma. Such as may follow working 
as a riveter for ten years. 

Hearing for the conversational voice would be noticeably affected. 
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auditory sense organs must be taken into account in the interpretation of our 
tests. The first evidence of trauma usually appears as a sharply localized dip 
in the threshold curve between 4,000 and 6,000 cycles per second (Fig. 2). 
At this time the subject may experience no difficulty in hearing. As trauma 
continues, hearing for the still higher frequencies is affected, but again very 
little noticeable effect will occur to the subject. Then the hearing for sounds 





Fic. 4.—Photomicrograph (x 32) of the human cochlea illustrating the pathology of the 
end-organ in acoustic trauma. 
A. Degeneration of the organ of Corti in the basal coil with associated degeneration of 
the spiral ganglion cells A’. 
The organ of Corti in the middle coil is more normal (B) and the ganglion cells in the 
spiral ganglion B’ more numerous and healthier. 


below 4,000 cycles per second becomes affected, and with this loss difficulty 
in understanding some speech sounds (consonants and whispered voice) are 
noted (Fig. 3). The pathologic findings, within the limitations of the method 
of microscopic examination of the end-organ, are clearly defined changes in the 
cochlea. They include degeneration of the outer hair cells of the organ of 
Corti and throwing off of the cells below the basilar membrane. Degeneration 
of the inner hair cells and secondarily of the spiral ganglion occur with 
greater trauma (Fig. 4). 

Analysis of a large number of cases of acoustic trauma examined in the 
light of our present knowledge of acoustics and audition indicates a great 
number of factors influencing the degree of deafness that is seen in acoustic 
trauma. Some of these factors are: 


1. Total time of exposure. 
2. Length of exposure in each period. 
3. Loudness of the noise. 
4. Distance from the source. 
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5. Age of the subject. 

6. Individual differences in susceptibility to acoustic trauma. 

7. Duration of the major sound waves. 

8. The character of the surroundings in which the noise is produced. 
g. The position of each ear with respect to the sound source. 

10. The use of protective devices. 

11. Previous ear disease. 

12. Frequency pattern of the noise. 


One of the investigations carried on in this laboratory concerned this 
last factor, 1.e., The relation of the frequency of the traumatizing sound to 
the degree and type of the resultant deafness.’ This investigation showed that 
for equal intensities, low frequency sounds are much less traumatizing than 
high frequency sounds. Furthermore, the greatest hearing loss was found to be 
an octave above the frequency of the traumatizing sound. A sharp dip in the 
threshold around 4,000 cycles per second typical of early acoustic trauma, 
could be produced only by exposing a subject to a sound of 2,000 cycles 
per second. It is important to know that exposure to very loud low frequency 
sounds does not injure the hearing while similar exposure to higher frequency 
sounds is definitely harmful. With our present knowledge of the ear, one can- 
not explain the greatest depression occurring an octave above the traumatizing 
sound. Furthermore, we cannot explain why the 4,096 dip in the audiogram 
appears in almost every clinical case of early acoustic trauma, regardless of 
the type of traumatizing noise. 

With the development of the science of acoustics, much is being done 
to protect us from harmful noise. In general, these efforts are directed along 
three different phases: 1. Elimination of noise at its source. 2. Reducing 
noise by altering the surroundings. 3. Protection to the ear itself by various 
obturators, etc. Cooperation of the industrial engineer, acoustic physicist and 
otologist will help to minimize this undesirable by-product of modern civili- 
zation. 
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WITHIN RECENT YEARS surgeons have extended the operability of cancer, 
not only within the original site of involvement, but also in the regional and 
distant metastases. Although many surgeons have resected parts of the liver 
for various reasons, the subject of the resection of the left lobe of the liver 
has not been adequately described in the literature. O. H. Wangensteen! 
describes the surgical problems of gastric cancer, with special reference to 
close coincidental hepatic resection. Other than this, the present surgical 
literature appears to be scanty. J. Gautier? resected the quadrate lobe of the 
liver for a primary carcinoma, and Benson and Penberthy® reported on a 
surgical excision of a primary tumor of the liver in an infant seven months 
old, with survival. 

The purpose of this paper is to present my experience with the resection 
of the left lobe of the liver in a man who had four separate and distinct 
carcinomas. Inasmuch, as the indications for the resection of the left lobe of 
the liver is so well illustrated in this case, I feel it would serve this paper 
best if I presented the case history first. 


Case Report.—The patient, a white male, age 47, was first seen in September, 1930. 
At this time he complained of gradual and progressive loss of weight over a period 
of four months, abdominal distress and pain in the right lower quadrant. The physical 
examination revealed a tender mass in the right lower quadrant, which was firm and 
freely movable. The roentgenologic examination revealed an obstructive lesion at the 
cecum. The patient was operated upon in September, 1939, and a large carcinoma of 
the cecum was found at celiotomy. Approximately 30 cm. of the terminal ileum, the 
secum, the ascending colon, the hepatic flexure and a part of the transverse colon with 
a corresponding V-shaped segment of the mesocolon were resected. An ileotransverse 
colon-colostomy was then performed. 

The patient made an uneventful recovery and left the hospital two weeks after 
the operation. In September, 1941, a roentgenogram of the large bowel revealed a nor- 
mal functioning bowel, without evidence of malignant neoplasm (Fig. 1). At this time he 
had no abdominal complaints. The patient continued to enjoy good health until December, 
1944, when he returned to the hospital, complaining of a rather rapidly growing tumor 
in the region of the right cheek, just over the zygoma. This, he stated, had been present 
for about two months. The clinical impression was squamous cell carcinoma of the 
face. This mass was excised by a rather large elliptical resection, and postoperative 
roentgenotherapy was administered. The microscopic diagnosis was a squamous cell 
carcinoma. 

During the course of this interview it was noted that the patient had lost about 15 
pounds in weight, and that he complained of vague abdominal distress, marked by 
flatulence, distention and cramp-like pain. This was associated with an occasional bloody 
stool. The physical examination was negative. Roentgenograms of the large bowel 
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revealed a complete obstruction to the retrograde flow of barium a few centimeters 
below the splenic flexure. The diagnosis of carcinoma of the splenic flexure (Fig. 2) was 
made, and the patient was again operated upon. 

The abdomen was opened through a large transverse incision. A few centimeters 
below the splenic flexure a tumor-mass, measuring about ten centimeters in diameter, was 
encountered. No lymphatic metastases were felt in the omentum or the mescolon. 
However, in the region of the left lobe of the liver, high in its dome, there was a 
small, firm umbilicated mass which one could feel within the substance of the liver. 





Fic. 1.—Barium enema two years after resection of carcinoma of cecum. 


It was situated in a position where a biopsy would have been most difficult. My im- 
pression was that this was a solitary metastases to the left lobe of the liver. Almost 
the entire transverse colon, the splenic flexure, and a generous share of the descending 
colon were resected (Figs. 3 and 4). The previous ileocolostomy was found in a good 
condition, and the small segment of the transverse colon in this area was left behind 
to afford a good end-to-side anastomosis between it and the sigmoid colon. It was also 
thought that sparing a segment of the transverse colon would afford better reabsorption 
of minerals and fluids. 

The patient again made an uneventful recovery. He left the hospital in two weeks 
and returned a week later for the resection of the left lobe of the liver. This procedure 
will be described separately. About four months after the partial resection of the 
liver, the patient returned with a small nodule in the skin on the posterior aspect of 
his neck. This was found to be a squamous cell carcinoma, his fourth separate cancer. 
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The operation of left hemihepatectomy was performed as follows: It was noted at 
the previous operation that a transverse incision would not afford the optimal exposure 
for the left lobe. Therefore, a high midline incision was made extending from the 
xyphoid down, and slightly to the left of the umbilicus. It was thought that if adequate 
exposure could not be obtained by this incision, that the incision could be extended 
transversely, This, however, was not necessary. Upon opening the abdomen the nodule 
in the left lobe of the liver, previously described, was again noted. 





Fic. 2.—Roentgenogram of colon showing carcinoma of splenic 
flexure. 


The coronary ligament of the liver on the left side was divided as well as the 
ligamentum teres. This latter was used as a handle and greatly facilitated the mobiliza- 
tion of the liver. The cutting of the coronary ligament alone gave an excellent mobiliza- 
tion of the liver. A row of interrupted chromic No. 1 catgut was then placed at about 
one centimeter from the groove dividing the right and left lobes of the liver. Following 
this, another row of interrupted catgut sutures were placed in an interlocking fashion. 
The liver to the left of the two rows of suture was then resected, using scissors. It 
was possible to feel greater resistance with the scissors at certain points, and when this 
increased resistance was felt, an additional hemostat was placed before further progress 
was made in cutting the liver off. Only one large arterial bleeder was encountered, and 
this was readily caught with an ordinary hemostat. A perfect hemostasis was accom- 
plished after three separate bleeders were ligated over hemostats. A slight sero- 
sanguineous fluid continued to discharge from the cut-surface of the liver. Part of the 
ligamentum teres, the triangular ligament, and a part of the coronary ligament, as well 
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as the neighboring fat and the omentum, were utilized to cover the raw surface of the 
liver. Five grams of crystalline sulfanilamide and a cigarette drain were inserted into 
the operating field, and the wound was closed in the usual fashion. The patient made 
an uneventful recovery except for a moderate discharge of clear, serous, bile-stained fluid 
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Fic. 3.—Part of the gross specimen of the carcinoma of splenic flexure. 
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Fic. 4.—Photomicrograph of the carcinoma of the splenic flexure. 


from the drainage tract. This continued in diminishing amounts for about three weeks. 
Three days after his operation his urine was negative; leukocyte count 14,000; icterus 
index 6; nonprotein nitrogen 30. The patient was discharged from the hospital 12 
days after the operation. He continued to improve in a normal convalescent fashion. 


1095 








JOHN VAN PROHASKA Annals of Surgery 


December, 


Three months after the operation he was back at work, had gained 15 pounds in weight, 
and was apparently enjoying good health. He returned four months after this operation 
with a nodule, a squamous cell carcinoma of the posterior aspect of the neck previously 
described. The resected specimen of the liver weighed 240 Gm. (Fig. 5). The nodule, 
which we considered to be a solitary metastasis, was found to be, on microscopic exam- 
ination, an area showing marked focal proliferation of bile ducts with cholangiectasis 
and focal hepatitis. 


In conclusion, a case has been presented in which four separate and dif- 
ferent carcinomas have been found and removed. Incident to the resection 
of the splenic flexure a nodule was found in the left lobe of the liver which, 
after resection of this lobe, proved to be a focal area of hepatitis. 





Fic. 5.—Segments of liver removed (after fixation). The specimens on the left show areas of focal 
hepatitis. 


The indications for the resection of the left lobe of the liver are clearly 
indicated in this case, if one disregards the final microscopic diagnosis of the 
liver nodule resected with the lobe. This was peculiar in this particular case 
because preliminary biopsy of the liver nodule was technically impossible. 
This nodule had to be considered carcinomatous because of the location of 
the original tumor in the left half of the colon, and because on palpation it 
felt like an ordinary metastatic nodule. I felt that, inasmuch as there were 
no palpable intervening lymphatic metastases, and no other palpable nodules 
in the right lobe of the liver that the removal of a solitary metastatic nodule 
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in the left lobe of the liver would afford the patient a chance for a longer 
survival. Certainly, this same thought is carried out in the operation of 
radical mastectomy where the original tumor, the breast, the underlying 
muscles, and the axillary content are removed en bloc. : 

This singular experience indicates that it is possible to resect the left 
lobe of the liver, with an adequate exposure and good hemostasis. In so 
doing, one may further extend the operability of cancer in certain well-indicated 
instances. 
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THE ETIOLOGY AND TREATMENT OF 
POLYCYTHEMIA RUBRA VERA* 
OBSERVATIONS BASED UPON STUDIES OF BODY FLUID CHANGES IN DOGS SUB- 
JECTED TO PROPRIOCEPTOR DEPRESSOR NEUROTOMY AND EXTENSIVE 
SYMPATHECTOMY, INCLUDING THE CASE REPORT OF A MAN WITH 


POLYCYTHEMIA RUBRA VERA TREATED BY EXTENSIVE PARA- 
VERTEBRAL SYMPATHECTOMY 


Paut W. Scuarer, M.D. 


Cuicaco, ILt. 
FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILL. 


PoLyCYTHEMIA is a term frequently used to denote an elevation of the 
red blood cell count without regard for the size of the cells or their hemoglobin 
content and with no consideration of the total red cell mass. The various 
classifications of this state, which have been proposed, are based chiefly on 
the relation of the red cell mass to the plasma volume and total blood volume. 
“Relative polycythemia” may be said to occur when the red cell count is 
elevated because of loss of plasma from the blood, i.e., as in burns, however, 
hemoconcentration is a more common designation. In this condition, the red 
cell mass remains normal, or less than normal, and the plasma volume and 
total blood volume are decreased. “Absolute polycythemia” indicates an actual 
increase in the red cell mass either with or without an increase in total blood 
volume. The absolute polycythemias are usually considered to be of two 
types: First, “erythrocytosis” or “secondary polycythemia” in which, in 
response to known etiologic factors, the red cell mass is increased, usually 
without marked increase in total blood volume; and, second, “erythremia”’ or 
“polycythemia rubra vera,” a disease of as yet uncertain etiology character- 
ized by a marked increase in total blood volume due almost entirely to increase 
in red cell mass, the plasma volume usually being within normal limits. 

In all types of secondary polycythemia, that is, absolute polycythemia due 
to the action of known stimuli, there is a similarity in that all of these condi- 
tions present a defect in oxygenation of the systemic arterial blood. The 
exact means by which this deficient oxygenation of the blood stimulates the 
production of increased numbers of red blood cells by the bone marrow is 
not known, however, the fact remains that in conditions characterized by 
decreased oxygenation of the systemic arterial blood, whether it be due 
to a shunting of venous blood of low oxygen tension through the patent 
foramen ovale of congenital heart disease or to inhibition of the respiratory 
function of immature red cells as occurs after the administration of cobalt,’ 
the bone marrow responds by the production of more red cells. Thus, we 
see increase in the red cell mass in the following conditions: congenital heart 
disease with defective auricular or ventricular septi, patent foramen ovale or 
patent ductus arteriosis, some cases of mitral stenosis, pulmonary fibrosis 








* This work was done on grants from the Douglas Smith Foundation and from 
Mr. Joseph O. Hanson. 
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and emphysema, sclerosis of the pulmonary artery (Ayerza’s disease), resi- 
dence at high altitudes, and following poisoning by many chemicals, the 
action of all of which has not been as thoroughly studied as has that of 
cobalt. One of the most severe cases of secondary polycythemia we have 
seen was that of a man 24 years of age, who was found to have a cavernous 
hemangioma of the left lung with a functioning arteriovenous shunt. This 
case has been reported in detail elsewhere.” 

Vaquez reported the first case of polycythemia rubra vera, or erythremia, 
in 1892,° with further observations in 1895.4 During the next few years 
numerous cases were recorded in the literature, Osler’s papers in 1903 and 
1904 arousing considerable interest.° Turk,® 1900 and 1904, first pointed 
out the leukocytosis seen so commonly in association with erythremia and 
also emphasized the peripheral blood picture evidence for hyperplasia of 
both the leukopoietic and erythropoietic elements of the myeloid tissue.” ® As 
a result of these original observations plus numerous case reports made in 
the first decade of this century, erythremia became recognized as a disease 
entity characterized by increase in the red cell mass and total blood volume 
with frequent evidence of general hyperactivity of the marrow elements. 
The disease is somewhat intermittent in character but is slowly progressive, 
with eventual fatality, due usually to thrombosis of major or vital vessels. 
The half century that has passed since its original description has seen the 
contribution of descriptive literature and some improvements have been made 
in the therapy of the condition, but few important observations have been 
made either on the nature of the condition or on its etiology. Thus, as has 
been indicated, polycythemia rubra vera became recognized as a disease entity, 
but little is known of its etiology. 

Our interest in the subject of polycythemia was aroused by observations 
made on dogs which were being studied for what, at that time, was thought 
by us to be a completely unrelated condition—hypertension. The basis for 
our experiment was as follows: The carotid sinus and cardio-aortic proprio- 
ceptive nerves constitute the afferent limbs of a reflex arc that is of funda- 
mental importance in regulation of the blood pressure. Impulses are known 
to pass centripedally through these nerves to the vasomotor centers of the 
brain stem from which areas efferent impulses course outward to the heart 
and blood vessels of the body by way of the sympathetic nerves and the vagus. 
This reflex mechanism exerts its control of the circulation in part, by 
alteration of cardiac function but its major influence is brought about through 
variation of peripheral vascular tone. Thus, by experimental tampering with 
the afferent proprioceptive and the efferent vagal and sympathetic nerves, 
one is able to induce various acute and chronic changes in peripheral 
vasomotor tone. This, at once, opens up a broad field for investigative work, 
much of which has been done, as is evidenced by many brilliant reports since 
Claude Bernard’s original description of vasoconstrictor fibers in 1852.° 
However, most of this work has concerned acute effects related to alteration 
of the caliber of peripheral vessels and much of it has dealt solely with 
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changes in blood pressure. We were intrigued by the prospect of observing 
animals maintained in states of chronic peripheral vasoconstriction and vaso- 
dilation, and our first interest was not so much with the effect of this chronic 
alteration of vasomotor tone on blood pressure as it was to record changes 
in certain of the body fluids. This report is in part based on those obser- 
vations. 

The cardio-aortic depressor nerve was first described by Cyon and Ludwig, 
in 1866.19 It is composed of purely afferent fibers which are depressor in 
function. These fibers terminate at various points in the wall of the aorta 
and heart and are generally considered to be vagal in origin since in most 
animals they are indistinguishably bound within the sheath of the vagus 
nerve and pass to the medullary centers together with other fibers of the 
vagus. In the rabbit, these cardio-aortic depressor fibers are collected into 
a separate nerve that joins the vagus high in the cervical region. In 25 per 
cent of dogs they form a separate nerve lying in the vagosympathetic trunk 
between the vagus laterally and the sympathetics medially. In most dogs, 
however, the fibers are not grossly identifiable. The carotid sinus is a slight 
enlargement in the region of the bifurcation of the common carotid artery, 
although in many cases it solely involves the commencement of the internal 
carotid. The carotid sinus nerve is a branch of the glossopharyngeal which 
terminates in the wall of the carotid sinus. It, like the cardio-aortic nerve, 
is purely afferent and depressor in function. 

Both of these proprioceptive nerves bear end-organs situated in the walls 
of the vessels supplied. These end-organs are of two types: presso-receptor 
and chemoreceptor, the former being by far the more significant. The presso- 
receptors discharge impulses when they are mechanically stimulated by 
stretching of the vessel wall as it is subjected to increased pressure. The 
chemoreceptors are stimulated by oxygen lack or carbon dioxide excess. By 
oscillographic methods both the carotid sinus and cardio-aortic nerves have 
been shown to discharge impulses centrally at varying rates, the rate increas- 
ing with elevation of blood pressure and decreasing with fall of blood pressure. 
During the cardiac cycle, for example, the greatest frequency of discharge 
occurs during systole and the least during diastole.1 Thus, these nerves 
continuously bombard the medullary centers with depressor impulses of such 
frequency as to maintain a constant normal blood pressure. From the 
medullary centers cardio-accelerator, cardio-inhibitory, vasoconstrictor and 
vasodilator impulses pass to the periphery by way of various sympathetic and 
vagal pathways. In 1923, Hering’ first showed that acute hypertension 
could be produced in rabbits by section of both the carotid sinus and cardio- 
aortic depressor nerves. His efforts to produce chronic hypertension did 
not meet with as much success. In 1931, Heymans?* reported the successful 
production of chronic hypertension in dogs by a similar operation. To 
Hering and to Heymans, their coworkers and students, should go much of 
the credit for the present day understanding of the physiology of these 
regulator nerves. 
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METHODS 


As we approached our problem we knew from the experience of ourselves 
and others that a chronic vasoconstriction could be produced by ablation of 
the afferent depressor pathways which have just been described.1* It was 
planned to produce chronic vasodilatation by extensive sympathectomy. 
Healthy adult dogs were used exclusively. To produce chronic peripheral 
vasoconstriction we used our modification of the original Heymans-Hering 
operation.” With aseptic technic, under light ether anesthesia, the neck was 
opened in the midline and the right vagosympathetic trunk and right carotid 
bifurcation visualized. First, the sheath of the vagosympathetic trunk was 
incised and an attempt made to identify the right cardio-aortic depressor nerve. 
As has been mentioned, in 25 per cent of the animals the nerve could be 
identified as a slender filament lying between the vagus laterally and the 
sympathetic trunk medially. If the nerve could be identified, it, together 
with the sympathetic fibers were sectioned and a segment excised. However, 
in most instances, accurate recognition was not possible, so an alternate 
method was used. This consisted of isolation of a rather constant, dense, 
white core of fibers in the centrolateral part of the vagus trunk. In many 
postmortem dissections we had determined that the fibers composing this 
core were distributed to areas below the level of the heart and, thus, could 
not contain afferent cardiac fibers. This isolated core of vagal fibers was 
preserved and the remainder of the vagosympathetic trunk together with its 
sheath divided and a segment excised. The carotid bifurcation was then 
visualized and ligatures tied about the internal, external and common carotid 
arteries approximately two centimeters in each direction from the bifurcation. 
The abundant fibers of the carotid sinus nerve were included in one of the 
superior ligatures. The entire carotid bifurcation was then excised within 
the area limited by the ligatures. The same procedure was then carried out 
on the left side except that on this side the entire vagosympathetic trunk was 
divided and a segment excised. The pertinent effect of this operation is 
interruption of all of the cervical afferent depressor pathways. With the loss 
of incoming depressor impulses the medullary centers are without inhibition. 
Thus, they send out a preponderance of cardio-accelerator and vasoconstrictor 
impulses resulting in an increase in heart rate and a marked peripheral vaso- 
constriction. Hypertension is the obvious result. We do not wish to make 
a detailed description of the blood pressure changes that occur in these 
animals except to indicate that this vasoconstriction can be easily demonstrated 
by increased resistance to perfusion of the distal end of a severed major 
peripheral artery and to point out that in our experience the hypertension is 
maintained, usually at a high level, for as long as we have observed our 
animals (several animals have been under observation for more than four 
years). 

Chronic peripheral vasodilatation was brought about by three-stage or 
two-stage radical paravertebral sympathectomy, ganglionectomy and splanch- 
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nicectomy. The first operation consisted of the transpleural resection of the 
left stellate ganglion, the entire sympathetic trunk including the sympathetic 
ganglia and the rami communicantes from the first thoracic to the first or 
second lumbar levels inclusively, together with all of the left splanchnic 
nerves and a considerable portion of the celiac ganglion. At the second 
operation, the right paravertebral region was approached transpleurally and 
a similar resection carried out. Both of these operations were performed 
under positive pressure intratracheal ether anesthesia with the animal in 
apnea. Since the second lumbar ganglia and their rami communicantes are 
apt not to be easily identified in all animals, in some of them it was necessary 
to do a third operation which consisted of the transabdominal resection of 
the remaining portions of the abdominal sympathetic trunk. As a result 
of these operations all of the efferent cardio-accelerator and vasoconstrictor 
pathways were interrupted and a loss of peripheral vasomotor tone occurred. 
This is manifest by hypotension. Due to some regeneration of nerve fibers 
and some local neuromuscular adjustments there is a tendency for these 
animals to recover some peripheral vascular tone but recovery is rarely 
complete and develops only slowly. 

Our original aim was to study dogs prepared by the above methods from 
the standpoint of alteration in plasma volume, red cell mass, total blood 
volume, intra- and extracellular fluid and total body water with the animals 
maintained on standard kennel rations under constant laboratory conditions. 
Plasma volume was determined using our modification of the Gibson and 
Evans T-1824 dilution method, the blue dye concentration being determined 
in serum samples by the use of the Evelyn photo-electric microcolorimeter.1® 
We had used this method extensively on both man and dogs and felt that 
under the conditions of our experiment a satisfactory degree of accuracy 
could be obtained. Red cell mass and total blood volume were calculated 
from the dye-determined plasma volume and the hematocrit. Reliable hemat- 
ocrit readings were obtained using the Van Allen capillary tube without 
dilution and with centrifugation at 3,000 rpm. for 30 minutes. The volume 
of the extracellular fluid was approximated from dilution curves of sodium 
thiocyanate, using the method described by Crandall and Anderson.” Total 
body water was measured by means of sulfanilamide dilution curves and 
total blood water as described by Painter.1® Both thiocyanate and sulfanila- 
mide concentrations were read colorimetrically in the Evelyn photo-electric 
macrocolorimeter. Record was also made of the blood pressure, pulse rate, 
red blood cell count and the hemoglobin level. Twenty-nine normal mongrel 
dogs were used in the experiment. Ten of the dogs constituted a control 
group, and either were not subjected to surgery or died too soon after opera- 
tion to warrant any conclusions as to the effect of the operation. Thirteen 
animals were made hypertensive and six were subjected to sympathectomy. 
All of the animals were observed for a sufficient length of time before and 
after operation to be certain of the validity of our results (Charts 2 and 3). 
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CONTROL OBSERVATIONS ON BODY FLUIDS 


Observations made on all 29 of the dogs during the control period are 
summarized in Table I. Each figure in this chart represents the average 
of many determinations made during a one- to 16-month preoperative period 
in those dogs which were subsequently subjected to surgery and, in the case 
of several of the dogs which were retained as controls without surgery, the 

TABLE I 
Control and preoperative observations on 29 normal dogs. Each figure in this table represents 
an average of all designated readings made on each animal during a one to 16 months’ period. Blood 


pressures are recorded in millimeters of mercury as mean arterial pressures obtained by needle 
puncture of the femoral artery. 





















































Woe vo aes ie _ a. —- ang ot HEMATOCRIT} BL.PR. 
Total jcc/kgm.} Total fcc/kgn.| Total [cc/kgm.| Total Icc/kgm.| Total Iec/kgm. 
459 | 805 | 56 645 | 45 U45} 101 | 4158} 291 | 8370] 589 hh 136 
597 | 622 7 54 690 | 58 1312] 112 | 3485] 325 | 6923] 645 ug 170 
629 | 664 | 49 | 7697 55 | 1433] 104 | 3520) 26, | 7723] 579 53 159 
453 | 606] 51 642 | 54 1248} 105 | 3495] 293 | 7060] 594 51 142 
310 | 626] 52 49h | 4k 1120] 96 2572] 229 | 7388] 651 hh 145 
400 | 478 | 58 388 | 46 866} 104 | 2448] 299 | 5810] 704 45 147 
330 | 30} 49 256 | 36 596] 85 2076] 285 | 4528] 652 43 131 
5 | 632 54 545 | 47 1177} 101 | 2943] 245 | 6812] 592 46 132 
557 | 627] 53 540 | 46 1167] 99 3212] 272 | 7226] 608 46 143 
111 71046 | 43 909 | 37 1955] 80 46 14,0 
598 | 592] 52 600 | 51 1192] 103 | 3085} 268 | 7094) 625 48 143 
309 | 445 49 372] 40 817} 89 2088] 226 | 5296] 581 45 138 
303 | 596] 58 502 | 49 1098} 107 | 2945} 282 | 7039] 690 49 138 
3907 | 751] 53 799 | 54 | 1550] 107 | 3726] 257 | 8652] 59% 51 132 
596 | B10] 55 737 | 52 1547] 106 | 4617] 307 | 10643] 710 47 150 
627 | 6541 55 600 | 52 1254] 107 | 3665] 308 | 7276} 607 47 140 
460 | 643) 55 585 | 46 1228] 101 | 3256] 255 | 6864) 564 48 148 
220 | 616] 57 502 | 47 1118] 104 | 2910] 262 | 7005] 644 45 134 
326 | 676] 55 554 | 46 1230] 101 | 3363] 267 | S244) 676 45 41 
394 | 540} 54 490 | 42 1030} 96 2999] 284 | 6780] 650 48 133 
221] 7784 57 551] 42 1329] 99 3632} 249 | 7927] 593 42 132 
a] 604] 57 447 | 40 1051] 97 3046} 286 | 6844) 640 43 154 
306 | 950] 59 Th9 | 47 1699] 106 | 4580] 250 [10760] 672 hs 124 
327 | 500 56 | 419] 48 919 | 104 | 2266) 249 | 6281] 713 45 130 
624 | 730] 52 777 | 5k 1507] 106 | 4160} 292 | 9610] 669 51 148 
393 | 687] 64 479 | 45 1166] 109 | 3468] 324 | 7594] 705 Al 13% 
277 | 780] 58 602] 45 1362] 103 | 3784] 274 | 8576) 639 Lh 136 
599 | 7454 56 7124) 54 1457] lo | 4071] 311 | 8577] 659 49 149 
625 | 81s 49 785] 48 1603] 97 4777] _350_| 10163] 688 16 
AVERAGE 5h, 47 101 279 64,0 46 due 
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figures represent many readings made during the course of one and one-half 
years of observation. Dog No. 394 is typical of the latter group. As may 
be seen from examination of Table I and Figures 1 and 2, the plasma volume 
varied from 43 to 64 cc. Kg. body weight, averaging 54 cc. Kg. of body 


VARIATION OF THE RED CELL MASS AND PLASMA 
VOLUME OF 29 NORMAL DOGS 
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Fig. 1,—Variation of the red cell mass and plasma volume of 
29. normal dogs expressed in cubic centimeters per kilogram of 
body weight. The solid horizontal lines represent the arithmetic 
means obtained for the entire group. 


VARIATION OF THE TOTAL BODY WATER AND AVAILABLE 
FLUID OF 28 NORMAL DOGS 
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Fic. 2.—Variation of the “available fluid’ and total body 
water of 28 normal dogs expressed in cubic centimeters per kilo- 
gram of body weight. The solid horizontal lines represent the 
arithmetic means obtained for the entire group. 


weight, with most of the readings near the arithmetic mean. The higher 
values were uniformly encountered in the lean, rangy, short-haired dogs while 
the lower values were observed in the fat, stocky, long-haired animals. Es- 
sentially similar correlations held for the other body fluid levels. The red 
cell mass varied from 36 to 58 cc. Kg. of body weight, averaging 47 cc. The 
total blood volume varied from 80 to 112 cc. Kg. of body weight, averaging 
101 cc. The “available fluid” varied from 226 to 350 cc. Kg. of body weight, 
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averaging 279 cc. The total body water varied from 564 to 713 cc. Kg. of 
body weight, averaging 640 cc. These findings are in agreement with the 
results of other writers who have used the same or similar methods. Although 
there was a fairly wide variation in these values in a group of dogs of varying 
build, for any given dog there was little fluctuation in the level of any of the 
body fluids so long as the animal was maintained on the standard kennel 
routine and did not become ill. This is indicated in the record of Dog No. 
394 in Figure 3, which indicates less than a plus or minus Io per cent deviation 
in plasma volume, red cell mass and total blood volume during a period of 
observation extending from February, 1941, to June, 1942. Fluctuations of 


PERCENTAGE DEVIATION OF RED CELL MASS AND 
PLASMA VOLUME IN A NORMAL DOG 





PLASMA 
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1941 1942 
DOG NO. 394 O-ARITHMETIC MEAN 
Fic. 3.—Fluctuation in red cell mass and plasma volume of a 
normal dog during one and one-half years of observation expressed 


as percentage deviation from the arithmetic mean of all deter- 
minations made on this animal. 


similar magnitude were also observed in “available fluid” and total body 
water determinations in this particular animal. In the entire group of dogs: 
The hematocrit ranged from 42 to 53 per cent, averaging 46 per cent, while 
the mean arterial blood pressure ranged from 124 to 170 mm. of Hg., aver- 
aging 142 mm. of Hg. 


BODY FLUID CHANGES FOLLOWING PROPRICEPTOR DEPRESSION 
NEUROTOMY 

Plasma volume, red cell mass, and total blood volume determinations were 
made on all 13 of the dogs subjected to proprioceptor depressor neurotomy, 
while “available fluid” and total body water determinations were made on only 
eight. Evidence for the existence of chronic peripheral vasoconstriction in 
these dogs is the fact that following operation their average mean arterial 
blood pressure ranged from 160 to 301 mm. of Hg., averaging 216 mm. of Hg. 
for the group whereas before operation their blood pressures had ranged from 
131 to 170 mm. of Hg., averaging 143 mm. Hg. for the group. Thus, the 
average mean arterial blood pressure for this group of 13 animals increased 
51 per cent following proprioceptor depressor neurotomy. Each figure tabu- 
lated in Chart 2 and in Figures 4, 5, 6, 7 and 8 represents a level reached 
after the establishment of chronic peripheral vasoconstriction. From these 
data it may be seen that ten of the animals had a fall in plasma volume of from 
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3 per cent to 16 per cent, and three animals an increase of 2 per cent, 3 per 
cent and 35 per cent, re- % 
spectively, for an aver- 
age over-all decrease in . 
plasma volume of 3 perv 
cent. Seven of the ani- 
mals had a decrease in 
red cell mass of from 3 
per cent to 15 per cent, 
and six animals an in- 
crease of from I per cent 
to 92 per cent, for an 
average over-all increase 
in red cell mass of 14 per 
cent. Eight of the animals 
had a decrease in total 
blood volume of from 2 Fic. 6.—Changes in total blood volume observed following 
per cent to 15 per cent, Poprigseptor depressor neurotomy and extensive paravertebral 
preoperative level (0) for each animal. The dogs are identified by 


and five animals an in- the numbers at the bottom of the chart. The average over all 


crease of from 6 per cent ec Pe group is indicated by the large numbers above the 


to 59 per cent, for an 

average over-all increase in total blood volume of 4 per cent. Three of the 
animals had a decrease in “available fluid” of 1 per cent, 4 per cent and 6 per 
cent, respectively, and five animals an increase of from I per cent to 27 per cent, 
for an average over-all increase in “available fluid” of 8 per cent. Three of 
the animals had a decrease in total body water of 3 per cent, 7 per cent and 9 
per cent, respectively, and five animals an increase of from I per cent to 19 per 
cent, for an average over-all increase in total body water of 2 per cent. 
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BODY FLUID CHANGES FOLLOWING EXTENSIVE PARAVERTEBRAL 
SYMPATHECTOMY 

Plasma volume, red cell mass, total blood volume, “available fluid,’ and 
total body water determinations were made on all six of the dogs subjected 
to extensive sympathectomy. Following their last stage of sympathectomy 
the average mean arterial blood pressure of these animals ranged from 107 
to 150 mm. of Hg., averaging 128 mm. of Hg. for the group, whereas, before 
operation their blood pressures had ranged from 132 to 150 mm. of Hg., 
averaging 141 mm. of Hg. for the group. Thus, the mean arterial blood 
pressure for this group of six animals decreased 9 per cent following opera- 
tion. The detailed pressure changes for each animal are found in Table 3. 
This chart also indicates the changes observed in the various body fluids fol- 
lowing sympathectomy. The mode of presentation is the same as described 
for Table 2. It may be seen that three of the animals had a decrease in 
plasma volume of 8 per cent, 11 per cent and 14 per cent, respectively, and 
three animals an increase of 4 per cent, 6 per cent and 9 per cent, respec- 
tively, for an average over-all decrease in plasma volume of 2 per cent. Five 
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of the animals had a decrease in red cell mass of from 2 per cent to 31 per 
cent, and one animal had an increase of 9 per cent, for an average over-all 
decrease in red cell mass of 13 per 
cent. Four of the animals had a de- 
crease in total blood volume of from 





AVAILABLE FLUID. 


14 per cent to 16 per cent, and two % 
animals an increase of 8 per cent and ita ie 


Q per cent, respectively, for an aver- 
age over-all decrease in total blood 
volume of 7 per cent. One of the 
animals had a decrease of 8 per cent 
in “available fluid,” while five of the 
animals had an increase of from 3 per 
cent to 15 per cent, for an average 
over-all increase of 7 per cent. Four 








PERCENTAGE DEVIATION FROM PRE-OP. LEVEL 





of the animals had a decrease in total 
body water from I per cent to 26 per Fic. 7.—Changes in ‘‘available fluid’ observed 


~ : , following proprioceptor depressor neurotomy and 
cent, one animal showed no change, evtensive paravertebral sympathectomy expressed 


‘ ge Seal Saad = as percentage deviation from the average preoper- 
and one animal had an increase of 4 ative — (O) for se animal. The dogs are 

rar _ identified by the numbers at the bottom of the 
per cent, for an average over all de chart. The average over all change for each 


crease in total body water of 8 per group is indicated by the large numbers above the 


horizontal line. 





cent. 

In both of the foregoing groups of animals changes in hematocrit and 
hemoglobin determinations and red blood cell counts were observed to 
parallel the changes which have already been charted for the red cell mass. 
Some of these alterations will be shown later in the report. 


PRELIMINARY CONCLUSIONS AND FURTHER EXPERIMENTATION 


After comparison of the above data recorded after establishment of 
chronic peripheral vasoconstriction and chronic peripheral vasodilatation with 
the control and preoperative observations, we were of the opinion that 
significant changes had occurred in neither plasma volume or total body water. 
We felt that barely significant increases had occurred in the fluid available 
for the solution of sodium thiocyanate and that this increase was almost 
identical in both groups of animals. Since the plasma volume in the two 
groups had shown no alteration this indicated that in states of both vaso- 
constriction and vasodilatation slight but definite increase had occurred in 
the volume of the extracellular fluid, the change being of equal proportion in 
both groups of animals. The most striking alterations were observed in red 
cell mass and total blood volume. Four of the six animals subjected to sym- 
pathectomy showed substantial decrease in red cell mass and total blood volume 
as great or greater than that observed following proprioceptor depressor neu- 
rotomy. Also, six of the 13 animals subjected to proprioceptor depressor 
neurotomy showed spectacular increases in red cell mass reaching levels far 
greater than had been observed to occur spontaneously in the preoperative 
period in any animal or during the entire period of observation of the control 
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animals. We also felt that the average difference in red cell mass between the 
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Fic. 8.—Changes in total body water observed 
following proprioceptor depressor neurotomy and 
extensive paravertebral sympathectomy expressed 
as percentage deviation from the average pre- 
operative level (O) for each animal. The dogs are 
identified by the numbers at the bottom of the 
chart. The average over all change for each group 
is indicated by the large numbers above the hori- 
zntal line, 


two groups of animals was of signifi- 
cance, the dogs with chronic peripheral 
vasodilation having an average II per 
cent decrease and the dogs with 
chronic peripheral vasoconstriction 
having an average 14 per cent in- 
crease in red cell mass. 

Since significant absolute changes 
in red cell mass had occurred in oppo- 
site directions in the diametrically op- 
posite states of vasoconstriction and 
vasodilatation, interest was aroused as 
to the nature of this relationship which 
had been observed, and an experiment 
was devised to further explore this 
problem. Since we had at our disposal 
animals with chronic peripheral vaso- 
constriction and marked polycythemia 
which had apparently resulted from 
proprioceptor depressor neurotomy, 


0G I 








the next obvious step was to perform 
extensive paravertebral sympathectomy upon these animals in an attempt to 
abolish the chronic peripheral vasoconstriction and then observe the body 
fluid changes which might occur. Polycythemic animals Nos. 303 and 309 
were selected for this experiment, and the results observed are recorded in 
Table 4 and Figures 9 and 10. Although we had not observed polycythemia 
in all of the animals subjected to proprioceptor depressor neurotomy, 40 
per cent of them had been so affected, and it was felt that some information 
of value might be obtained by subjecting the already sympathectomized ani- 
mals to proprioceptor depressor neurotomy and observing the body fluid 
changes that might occur following this secondary operation. Nonpolycy- 
themic animals Nos. 220 and 326 were selected for this experiment and the 
results observed are recorded in Table 4 and Figures 11 and 12. No signifi- 
cant alteration in plasma volume, red cell mass, total blood volume, red blood 
cell count or hematocrit was observed in Dogs Nos. 220 and 326 following 
proprioceptor depressor neurectomy. That the proprioceptor depressor neu- 
rectomy was actually accomplished is indicated by the fact that the mean 
arterial blood pressure of Dog. No. 220 increased from 107 mm. of Hg. post- 
sympathectomy to 184 mm. of Hg. following proprioceptor depressor neu- 
rotomy, a 30 per cent increase over the dog’s normal pressure of 134 mm. of 
Hg. The blood pressure of Dog. No. 326 increased from 122 mm. of Hg. 
postsympathectomy to 166 mm. of Hg. following proprioceptor depressor neu- 
rotomy, an 18 per cent increase over this dog’s normal pressure of 141 mm. of 
Hg. 
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Fluctuations in red cell mass, plasma volume, red blood cell count and hematocrit during a two-year period of observation of 
Dog 309 which was first subjected to proprioceptor depressor neurotomy and later to total paravertebral sympathectomy. 
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ji~Fluctuations in red cell mass, plasma volume, red blood cell count and hematocrit during a two-year period of observation of 
Dog 303 which was first subjected to proprioceptor depressor neurotomy and later to total paravertebral .sympathectomy. 
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Fie. 11.—Fluctuations in red cell mass, plasma volume, red blood cell count and hematocrit during a two-year period of observation 
Dog 220 which was first subjected to total paravertebral sympathectomy and later to proprioceptor depressor neurotomy, 
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Fic. 12.—Fluctuations in red cell mass, plasma volume, red blood cell count and hematocrit during a two-year period of observation 
Dog 326 which was first subjected to total paravertebral sympathectomy and later to proprioceptor depressor neurotomy. 
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Before any surgery had been done, Dog No. 309 had an average plasma 
volume of 445 cc., red cell mass of 372 cc., total blood volume of 817 cc., 
hematocrit of 45 per cent and a red blood cell count of 6,000,000, with an 
average mean arterial blood pressure of 138 mm. of Hg. This dog was an 
11-Kg. male of heavy build, so that in both plasma volume and red cell mass 
its average preoperative values expressed in terms of cubic centimeters/kilo- 
grams of body weight were somewhat lower than the average determined for 
the entire group of animals. In Figure 9, the average plasma volume and red 












































































































































Taste IV 
Changes in blood pressure and body fluids of four dogs subjected to both prcprioceptor depressor 
neurotomy and extensive paravertebral sympathectomy. Dogs 303 and 309 were first subjected to pro- 
prioceptor depressor neurotomy and then to extensive paravertebral sympathectomy while Dogs 220 
and 326 were operated upon in reverse order. 
DOG HO. 505 509 =| AVERAGE 220 526 AVERAGE 
DURATION OF PRE-OP 1 2 5 2 
OBSERVATION; AFTER PIN 6 6 AFTER SYM 2 4 
(months) AFTER SYM 12 12 AFTER PIN 12 12 
PRE-OP 188 188 134 141 
BLOOD AFTER| Total 279 198 AFTER| Total 107 122 
PRESSURE PIN |% Change} +102 +45 |+72 SYM |% Change} —20 -15 |-16 
(mm. Hg) |AFTER| Total 189 220 AFTER| Total || 166 164 
SYM |% Change} +57 +59 |+48 PDN |% Change] +24 +50 |4+27 
PRE-OP 596 Mas 616 676 
PLASMA AFTER |Total 580 460 AFTER |Total 670 T20 
VOLUME PIN |% Change} -—5 +2 fe) SYM |% Change|| +9 +6 +7 
(cce.) |AFTER| Total 518 454 AFTER| Total || 556 557 
SYM |% Change} —15 +2 -4 PDS |% Change/| -10 —1s |-—14 
PRE-OP 502 572 502 554 
RED CELL /|AFTER/ Total 760 540 AFTER} Total 550 610 
MASS PDH |% Change} +51 +45 |+48 SYM |% Change} +9 +10 +9 
(cc.) AFTER} Total 445 424 AFTER| Total 478 515 
SYM |% Change} —11 +15 +1 PDH |% Change|| —5 -8 —-6 
PRE-OP 1098 817 1118 1280 
TOTAL BLOOD|AFTER| Total | 1540 | 1000 AFTER} Total {1220 | 1850 
VOLUME PIN |% Change] +22 +22, |+22 SYM |% Change! +9 +8 +8 
(cc.) |APFER| Total 965 878 AFTER| Total 1054 1070 
SYM |% Change} —12 +8 -2 PIG |% Change! —8 -15 /|-10 
PRE-OP 2945 2088 |2910 5565 
*AVAILABLE® | AFTER | Totel S420 2650 AFTER; Total ||5200 8750 
FLUID PDN |% Change] +16 +27 |+21 SYM |% Change| +10 +11 {+10 
(cc.) AFTER| Totel 8175 2650 AFTER; Total 5140 5885 
SYM |% Change} +8 +27 |+17 PON |% Change! +8 +15 i+11 
PRE-OP 7059 5296 7005 8244 
TOTAL BODY |AFTER| Total 6550 5600 AFTER| Total ||7000 7900 
WATER POM |% Change} -—7 +6 te) SYM |% Change} 0 -4 | -2 
(ce.) AFTER| Total | 6581 5608 AFTER| Total ||6625 7842 
SYM |% Change} -—6 +6 fe) PIN |% Change} —5 —5 —5 









































PIN — PROPRIOCEPTOR DEPRESSOR NEURECTOMY 
SYM — PARAVERTEBRAL SYMPATHECTOMY 
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cell mass for the entire group is indicated by a dotted line showing that this 
animal’s plasma volume was 6 per cent lower than the group average, and 
its red cell mass was 15 per cent lower than the group average. Proprioceptor 
depressor neurotomy was carried out in November, 1940, and the animal 
studied for a period of six months. By this time the red blood cell count 
had increased to 8,000,000, the hematocrit to 55 per cent, the plasma volume 
remained unchanged but the red cell mass had increased 45 per cent and the 
total blood volume 22 per cent. The blood pressure then averaged 198 mm. 
of Hg., a 43 per cent increase over the preoperative level. This animal was 
then subjected to a complete paravertebral sympathectomy in three stages, 
as described above, the last stage being performed in September, 1941. 
The animal was then studied for an additional year, during which time the 
red blood cell count returned to 6,000,000, the hematocrit to 48 per cent and 
the plasma volume, red cell mass and total blood volume all gradually 
returned to the preoperative level. 

Before surgery, Dog No. 303 had an average plasma volume of 596 cc., 
red cell mass of 502 cc., total blood volume of 1,098 cc., hematocrit of 46 
per cent, red blood cell count of 6,000,000, and an average mean arterial 
blood pressure of 138 mm. of Hg. In Figure 10, it may be seen that this 
12.3-Kg. male animal’s plasma volume was 7 per cent lower than the group 
average, and its red cell mass was 4 per cent higher than the group average. 
Proprioceptor depressor neurotomy was carried out in November, 1940, and 
the animal studied for a six-months period. By this time the red blood cell 
count had increased to 9,000,000, the hematocrit to 58 per cent, the plasma 
volume remained unchanged but the red cell mass had increased 50 per cent 
and the total blood volume, 22 per cent. The mean arterial blood pressure 
then averaged 279 mm. of Hg., a 102 per cent increase over the preoperative 
level. This animal was then subjected to a complete paravertebral sympa- 
thectomy in three stages, as described above, the last stage being done in 
September, 1941. The animal was then studied for an additional year, during 
which time the red blood cell count returned to 6,000,000, the hematocrit to 
48 per cent, and the plasma volume, red cell mass and total blood volume 
all fell to slightly below the preoperative level. 

The changes in “available fluid” and total body water recorded in Table 4 
were not considered to be of significant magnitude. 


DISCUSSION AND FURTHER CONCLUSIONS 

From these data it became apparent that the polycythemia which had 
been observed to follow proprioceptor depressor neurotomy disappeared com- 
pletely after complete paravertebral sympathectomy and that proprioceptor 
depressor neurotomy was not followed by the development of polycythemia 
in two animals which had previously had a complete paravertebral sympathec- 
tomy. Further, the severe hypertension which follows proprioceptor de- 
pressor neurotomy was greatly diminished by complete paravertebral sympa- 
thectomy and proprioceptor depressor neurotomy caused only a moderate 
hypertension in two animals which had previously had a complete paraverte- 


bral sympathectomy. 
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The inescapable result of study of these foregoing observations was to 
relate positively the autonomic nervous system to the peripheral red cell 
mass. Proof of the exact nature of this relationship is not available in these 
data but they do have certain general implications. First, polycythemia was 
never observed to occur spontaneously in any of the 29 dogs included in this 
experiment. Of the animals subjected to surgery, the sympathectomized 
animals never developed polycythemia and four of the six sympathectomized 
animals had decreases in red cell mass to lower levels than were recorded 
for any other dogs in the series. Forty per cent of the dogs subjected to 
proprioceptor depressor neurotomy developed polycythemia, characterized 
by absolute increase in the red cell mass to levels far higher than were 
observed to occur in any other dogs in the series. Polycythemic animals 
subsequently subjected to sympathectomy lost their polycythemia and non- 
polycythemic sympathectomized animals subjected to proprioceptor depressor 
neurotomy did not become polycythemic even though they did become mildly 
hypertensive. Thus, polycythemia occurred only in animals which had 
intact sympathetic efferent tracts with absence of afferent depressor path- 
ways. We considered loss of the afferent depressor mechanism to be the 
stimulus for the development of the polycythemia and the efferent sympathetic 
depressor pathways to be the route over which this stimulus exerted its 
effect, namely, through vasoconstriction. The finding in these proprioceptor 
depressor neurotomized animals of a polycythemia characterized by increase 
in red cell mass and in total blood volume, such as is seen in polycythemia 
rubra vera in man, led us to consider the role of vasoconstriction in this 
latter condition. 

EFFECT OF EXTENSIVE PARAVERTEBRAL SYMPATHECTOMY ON 
POLYCYTHEMIA RUBRA IN MAN 

A direct approach to this problem was possible since extensive sympathec- 
tomy has long been used as a treatment for essential hypertension in the 
human and the safety of the procedure has been well-established. Dr. K. S. 
Grimson was at that time performing complete paravertebral sympathectomy 
in this clinic for the treatment of human essential hypertension, and _ his 
results have since been published.*? He agreed to carry out this procedure 
upon a selected case of human polycythemia rubra vera. The background 
for this experiment is obvious from the foregoing data, the experiment resting 
on the premise that if polycythemia rubra vera in man is similar to the polycy- 
themia of proprioceptor depressor neurotomy in dogs, then ablation of the 
sympathetic efferent pathways should cause the polycythemia to disappear. 

Case Report.—The patient chosen for this critical test was a 27-year-old male 
laborer, who was first seen in this clinic in May, 1941. At that time, he complained of 
extreme fatigue, shortness of breath and severe headaches, and stated that he had had 
“polycythemia vera” for three years. He had apparently been well until the early part 
of 1938, when he noticed that he began to tire easily and by midyear was forced to quit 
his work as a laborer. By this time, he had become short of breath and was severely 
troubled by persistent headaches. It had been noticed that his complexion had become 
quite florid. He consulted his local physician who made a blood count and diagnosed his 
condition as polycythemia rubra vera and recommended that the patient go to a nearby 
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clinic for treatment. The patient complied with his local physician’s recommendations, 
and was thoroughly studied at the designated clinic, the work-up including blue dye 
determination of the plasma volume and the red cell mass. The diagnosis of polycythemia 
rubra vera was confirmed, and a program of venesection begun. From late in 1938 until 
his first visit here, two and one-half years later, the patient had been bled from 600 to 
1,000 cc. of blood on the average of every two weeks. For the first week following 
bleeding he would have considerable remission in his symptoms but the following week 
all would rapidly return with as marked severity as before. As a result, he was confined 
to bed about half of the time and was not able to work. 

The family history revealed that his mother and father, age 65 and 70, respectively, 
were alive and well, as were also four sisters and one brother. No family history of 
disease could be elicited. He had been married for nine years, and his wife, age 25, was 
in good health. He was the father of four girls and one boy, age 8, 6, 5, 4, and 2 years. 
One child had died at birth. He stated that he had scarlet fever at the age of 14, com- 
plicated by mastoiditis. This had left him with a left facial palsy. He had undergone 
tonsillectomy in 1933, and appendicectomy in 1937. System inquiry added only the 
facts that he had recently developed a rather severe pain over the left anterior chest, 
which seemed to be relieved by bleeding, and that his memory had recently become 
markedly impaired. 

Physical examination revealed the patient to be a well-developed and well-nourished 
man, weighing 70 kilograms. His temperature was 98° F.; pulse 68; respiration 16; and 
blood pressure 170/108 mm. of Hg. His face and hands were dull red in color. He was 
unable to hear a watch on his left side with the Weber test lateralized to the left and bone 
conduction greater than air conduction on the left. He had a complete left facial palsy 
to which he seemed well adjusted. Many dental caries were present and the pharynx was 
inflamed. Examination of the heart and lungs revealed no abnormality and aside from 
the scar of his previous appendicectomy, examination of the abdomen revealed similar 
normal findings. The liver was not enlarged, and it was debatable whether the lower 
pole of the spleen could be palpated. The extremities presented no clubbing of the fingers 
or other abnormality. No lymphadenopathy was present. Rectal examination was not 
remarkable and neurologic examination revealed only normal findings, aside from the 
left facial paralysis. His urine was found to be acid in reaction with a specific gravity 
of 1.025, negative for albumin and sugar, and with a normal sediment. White blood cell 
count was 11,000, with 67 per cent polymorphonuclear neutrophils, 26 per cent small 
lymphocytes, three per cent monocytes and three per cent eosinophils. Red blood cell 
count was 5,790,000, and hemoglobin 14.0 Gm./1oo cc., with slight polychromasia, aniso- 
cytosis and poikylocytosis. Reticulocytes were 0.6 per cent. The diagnosis of polycythemia 
rubra vera was made and the patient entered the hospital on the Hematology Service, 
May 20, 1941, for further study. T-1824 dye dilution measurement of the blood volume 
was carried out, at which time the following results were obtained: Weight 71.5 Kg. 
Total blood volume, 6,120 cc. Plasma volume 2,907 cc. Hematocrit 53 per cent, Total 
red cell mass, 3,212 cc. (51.9 cc. Kg. of body weight). 

The patient remained in the hospital for two weeks, during which time his red blood 
count increased to 6,890,000 and his hemoglobin to 16.0 Gm./1o0o cc. His face became 
more deeply dull red in color and he began to develop a tight substernal sensation, and 
his headaches continued. Since the response of this patient to venesection had been poor 
it was elected to try roentgenotherapy to his long and flat bones. Between June 3, 1941, 
and July 24, 1941, he received eight treatments of 160 r in air each, directed to both 
femora, scapulae, anterior ribs and iliac blades. He received slight subjective relief 
following this therapy but on return to the clinic, December 15, 1041, he presented the 
same picture as before having received this therapy, and at that time his red blood cell 
count was 6,500,000 and his hemoglobin 16.7 Gm./10o cc. He again entered the hospital, 
December 20, 1941, for further observation. The eye consultants reported that his fundi 
showed bilateral papilledema with blurring and hyperemia of both disks. The veins 
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appeared fuller and more deeply red than usual. The arteries showed slight tortuosity 
and only slight increase in light reflex. A few focal spasms were present but crossing 
signs were not observed. The A-V ratio was 2:4 and 1. hemorrhages or exudates were 
present. They felt that the patient exhibited slight early hypertensive vessel changes and 
that the ocular fundus picture was compatible with a diagnosis of polycythemia rubra 
vera. The renal vascular disease consultants concurred in the diagnosis of very mild 
hypertension but did not believe that this hypertension was the basis for the patient’s 
symptoms, They felt that the ocular fundus changes were due to increased intracranial 
pressure referrable to the polycythemia and that the polycythemia was responsible for all 
of the patient’s symptoms. The decision was then made to subject this patient to sympa- 
thectomy, not with the idea of treating his very mild asymptomatic hypertension but to see 
what effect sympathectomy would have on the course of his polycythemia. 

Accordingly, January 9, 1942, a left paravertebral sympathectomy was performed, 
and on January 29, 1942, the same procedure was carried out on the right side. The 
operation was identical with that described for the animals used in this experiment, and 
has been elsewhere described by Grimson.2° The extent of resection can be appreciated 
from study of the specimen removed at the first operation (Fig. 13). It included the left 
ganglionated sympathetic trunk from T-1 through L-2, together with the stellate and a 
portion of the celiac ganglia and all of the left splanchnic nerves. The amount of blood lost 
during these onerative procedures was measured and the patient transfused with whole 
blood slightly in excess of the amount lost. At no time was venesection done. Careful 
studies of his blood volume and blood composition have been made repeatedly since the 
patient’s first hospitalization here and are summarized in Chart 5 and Figures 14 and 15. 
The patient was discharged from the hospital, March 1, 1942, to be readmitted five, 23 
and 39 months following operation for reévaluation of his status on each of these occa- 
sions. The last study was made in April, 1945. These data are, likewise, recorded in 
Chart 5 and Figures 14 and 15. At no time has a significant change been noted in his 
plasma volume. However, immediately following surgery, his total blood volume and 
red cell mass fell abruptly and then gradually increased, so that two years following 
operation the preoperative level had again been reached. His red blood cell count, 
hemoglobin and hematocrit changes have paralleled the change in total blood volume and 
red cell mass. 

In spite of the fact that there has been a return of his blood picture to that of mild 
polycythemia, this patient has been completely relieved of all of his symptoms, and only 
in the past few months has he had any difficulty. He now notices that after long hours 
at work he develops a headache but he volunteers the information that this is not similar 
to, nor is it as severe as the headaches he had before his operation. He is now employed 
as an hospital orderly in his home town, and works strenuously 14 hours a day. At no 
time since his operations in January 1942 has he been bled, nor has he been subjected to 
any form of medicinal therapy for his polycythemia, and he now considers himself to be 
a well individual. 


Discussion.—In evaluating the results of extensive paravertebral sympa- 
thectomy in this case of human polycythemia rubra vera, one must be 
cautious, since spontaneous remission is known to occur in this disease. It 
was for this reason that this case was not reported at any earlier date. 
We have now had an opportunity to observe this patient for a period of more 
than three years since surgery was performed, and certain valid statements 
are now possible. First, there can be no question about the fact that the 
function of this man’s peripheral constrictor mechanism was greatly reduced 
if not abolished by surgery. Evidence for this is the marked postural hypo- 
tension which he developed. As late as two months after his second stage 
syncope would occur if he abruptly changed from the lying to the standing 
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position, and it was not until five months after operation that this side-effect 
of the operation ceased to be a troublesome complication. The starch-iodine 
sweat tests illustrated in Figure 15, also indicate the extensive interruption 
of efferent sympathetic pathways that was brought about. Also, one would 
not question the fact that the blood volume and blood composition were 






































gis a eqlemve,Parariebal somatic on, the the 
DATE TOTAL BLOOD | RED CELL | PLASMA | HEMATOCRIT RBC Hb 
VOLUME 
12/22/41 6120 
1/5/42 5821 3085 2736 53 
1/9/42 5350 2889 2461 54 
1/9/42 LEFT THORACIC SYMPATHECTOMY 
1/16/42 4800 2163 2637 45 4,910,000 14.7 
1/25/42 5250 24,30 2820 46 
1/29/42 RIGHT THORACIC SYMPATHECTOMY 
2/5/42 5150 2270 2880 bh 5,270,000 15.3 
2/21/42 4,00 1940 24,60 hls 
6/6/42 5100 2680 2420 52 6, 310,000 17.6 
6/11/42 5040 2620 2420 52 
12/13/43 5500 3130 2370 57 5»790,000 18.0 
3/30/45 5540 3160 2380 57 6,240,000 19.8 
b/4/ 45 5500. 3197 2303 58 





























other than normal as late as two months following operation, in spite of 
the fact that a careful measurement and estimation of the blood loss attendant 
with his operative and postoperative period were made and that this loss was 
replaced by transfusions of whole blood. Lastly, one must accept the fact 
that this patient has remained asymptomatic and has become capable of 
strenuous prolonged labor without resort to any form of treatment for his 
disease. The fact still remains, however, that in the first two years following 
operation there was a gradual elevation of his blood volume and blood com- 
position to levels not dissimilar to those observed before operation, but in 
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the third postoperative year only slight further increases were recorded. 
Further, this recurrence of polycythemia has not been attended by recurrence 
of subjective symptoms, nor has it in any way incapacitated the man, or 
required further therapy. 

It was obvious to us that some of the above observations had to be further 
explored if a positive relationship between peripheral vasoconstriction and 
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Fic. 13.—Photograph of a specimen obtained at the time of the first operation on the patient herein 


described. ye the left is the left stellate ganglion and at the upper right, a major part of the left 
cocliac ganglion. At the bottom right are the first and second lumbar ganglia of the sympathetic trunk. 
The remainder of the specimen consists of the left ganglionated sympathetic trunk and splanchnic nerves. 


POST-SYMPATHECTOMY VARIATION IN BLOOD VOLUME AND BLOOD COMPOSITION 
IN A MAN WITH POLYCYTHEMIA RUBRA VERA 
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Fic. 14.—Correlation of the postsympathectomy alterations in blood volume and 
blood composition and supine and upright blood pressures observed in the patient 
herein described. 
polycythemia was to be maintained. In the experimental animals, polycy- 
themia required intact sympathetic efferent fibers for its existence, yet, in 
this patient asymptomatic polycythemia had recurred following extensive 
paravertebral sympathectomy. From our experience, with both dogs and 
man, we knew that maintenance of complete interruption of sympathetic 
efferent pathways was not possible. Thus, while complete paravertebral 
sympathectomy actually destroys these pathways and results in vasodilata- 
tion, the effect is not permanent, and a gradual restoration of sympathetic 
control develops. We routinely find profuse proliferation of nerve fibers 
through the scar of the extrapleural space when autopsy examination of pre- 
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viously sympathectomized animals is carried out remote from the time of 
operation. Further, dogs which have been previously sympathectomized are 
not completely protected from the development of hypertension when 
subsequently subjected to proprioceptor depressor neurotomy, although the 
hypertension which does develop is always slight or moderate as compared 
to the hypertension which follows proprioceptor depressor neurotomy in 
the normal dog. Again, although the hypertension which follows propriocep- 
tor depressor neurotomy disappears, or is greatly diminished, following 
extensive paravertebral sympathectomy, there is a gradual return of the 
blood pressure to high levels, though never so high as before sympathectomy 
in these animals. In man, postsympathectomy postural hypotension is always 
most severe immediately after operation, and it becomes gradually and 
progressively less marked as time goes by, but is usually demonstrable even 
late after surgery. Lastly, immediately following sympathectomy in man, 
sweating does not occur in the denervated areas of skin, but there is a gradual 
and progressive recovery of this function. This phenomenon can be most 
easily recorded by the use of starch-iodine sweat tests. As part of the study 
of the above-described case, frequent lying, sitting and standing blood 
pressure readings were made on each hospital admission as well as starch- 
iodine sweat tests. These data are summarized in Figures 14 and 15. The 
average of all preoperative blood pressure readings on this man was 170/110 
mm. of Hg., with no demonstrable evidence of postural effect. 

Each blood pressure reading recorded in Figure 14 represents the average 
of all designated readings made during each hospital stay. As late as two 
months after his second stage his blood pressure could not be obtained in 
the upright position. By five months, it was extremely labile and at very 
low levels. At 23 months after operation, his average standing pressure 
was 100/70 mm. of Hg. and at 39 months, 105/76 mm. of Hg. The average 
supine blood pressure readings, likewise, show a gradual return to approxi- 
mately the preoperative levels. A closely parallel change was observed in 
this patient’s sweating function, and is pictorially presented in Figure 15. 
Here one observes the gradual and progressive increase in both the area of 
skin in which sweating occurs and in the amount of sweating which occurs 
in these areas. The decrease in postural hypotension, return of supine blood 
pressure level, and the increase in sweating ability were interpreted to mean 
recovery of sympathetic efferent function in this man, presumably mediated 
through regeneration of sympathetic efferent fibers. As may be seen from 
Figures 14 and 15, these changes parallel exactly the observed changes in 
blood volume and blood composition. Thus, the recurrence of the polycy- 
themia, when viewed in conjunction with these observations on sympathetic 
efferent phenomena, serve not to disprove the positive relationship between 
vasoconstriction and polycythemia but to further support this view. 

Much investigative work will have to be done before the implications of 
this report can become firmly established, yet one cannot but be impressed by 
the likelihood of autonomic nervous system control of certain functions of 
the bone marrow. This study has been conducted by alteration of this rela- 
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Fic. 15.—Starch-iodine sweat tests at one-half, five, twenty-three and thirty-nine months fol- 
lowing extensive paravertebral sympathectomy in the patient herein described. Progressive recovery 
of his sweating function is seen. 

tionship remote from the zone of ultimate effect, the bone marrow, and the 

results obtained have been the observed changes in an equally remote area, 

the peripheral blood. Yet, all of our observations lead us to the impression 

that the sympathetic efferent fibers do control erythropoiesis and, to us, the 

most likely basis for this control lies in the state of vasoconstriction or vaso- 

dilatation of the presinusoidal vessels of the bone marrow. We know from 
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countless observations that any condition characterized by lack of oxygenation 
of the systemic arterial blood will, likewise, present polycythemia as a result 
of hyperactivity of the myeloid elements of the marrow, presumably due to 
the presence of the unoxygenated blood in the marrow. The most generally 
accepted and most plausible theory of normal production of the red cell is 
that there is intermittent constriction and dilatation of vessels leading to 
the sinusoids of the marrow and that during states of presinusoidal vaso- 
constriction, the blood of the sinusoids so affected is isolated from the 
general circulation. Low oxygen tension develops in these sinusoids and 
acts as a stimulus for red cell production. It is our impression that the tone 
of these presinusoidal blood vessels is under the control of the sympathetic 
efferent nerves in states of health and that the fundamental defect in many 
cases of polycythemia rubra vera is likely to be a more persistent vasocon- 
striction of presinusoidal blood vessels as a result of overactivity of the sym- 
pathetic nerves to these vessels. Supporting evidence for this view is the 
study of blood lactate levels following exercise in patients with polycythemia 
rubra vera.”! 

In patients with this disease, whether they are under treatment or not, 
exercise causes a fall in blood lactate whereas exercise in normal individuals 
is followed by a rise in blood lactate. A possible explanation for this is that 
there is decreased blood flow through the tissues in polycythemia rubra vera, 
resulting in an high resting blood lactate and an accumulation of lactate in 
the tissues, so that exercise with vasodilatation would cause a fall in the blood 
lactate level. The work of Davis in the production of polycythemia by the 
administration of various vasoconstrictor drugs indicates that vasoconstriction 
is capable of producing polycythemia.** The frequent occurrence of mild 
hypertension in polycythemia rubra vera has generally been attributed to 
increased blood viscosity or has been regarded as being due to the coincidental 
existence of essential hypertension. In a series of 163 cases of this disease, 
Tinney has reported a systolic blood pressure of more than 150 mm. of Hg. 
in 40 per cent, and of more than 180 mm. of Hg. in 9 per cent of the cases.”* 
It has frequently been observed that the blood pressure does not always return 
to normal after therapeutic measures have caused the blood picture to 
approach normal levels. This is further presumptive evidence for the 
existence of vasoconstriction in these individuals. 

Neurologic manifestations in polycythemia rubra vera are very common 
and intracranial lesions are generally regarded to be of common occurrence 
in this disease. The almost universal attitude toward this relation is that 
the nervous system lesion is always secondary to the polycythemia. Our 
experimental neurogenic polycythemia described above was produced by 
section of afferent cervical depressor pathways, the carotid sinus and cardio- 
aortic nerves, which caused uninhibited activity of vasoconstrictor impulses 
over the efferent sympathetic mechanism. Although the point of origin of the 
imbalance of this mechanism in our experiments was at the level of the 
afferent depressor mechanism, it is conceivable that there could be conditions 
in which the central nervous system portion of this reflex arc could be 
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influenced either directly by mechanical, inflammatory or neoplastic disease 
or indirectly through connections with other areas of the central nervous 
system. Experimentally, only meager efforts have been made to produce 
polycythemia by manipulations in the region of the diencephalon and the 
results of this work are not convincing.2* ?° The report of Carpenter, 
et al.,* of two cases of hemangioblastoma of the cerebellum with associated 
absolute polycythemia, which in each case disappeared following extirpation of 
the tumor could well represent instances of mechanical stimulation of the 
central connection of this reflex arc which is here under study. It is of 
interest that one of these cases presented with a blood pressure of 160/120 mm. 
of Hg. and that this moderate hypertension disappeared after operation. 
Another similar case has more recently been reported by Walker.?" A rather 
substantial volume of clinical literature has accumulated in the past two 
decades causally relating polycythemia to primary lesions of the brain stem, 
but these reports are so incomplete, either from the standpoint of accurate 
diagnosis or inadequacy of anatomic and pathologic verification of findings, 
that they serve to confuse rather than clarify the problem. This literature 
has been adequately reviewed by Da Rin and Costa,”* Ferraro and Sherwood,” 
and Lucia and Marasse,*° and will not here be repeated. 


SUMMARY 

1. Using dilution methods, the following average normal values were 
observed in 29 normal dogs: Plasma volumes 54 cc. Kg. of body weight. 
Red cell mass, 47 cc. Kg. of body weight. Total blood volume 1o1 cc. Kg. 
of body weight. “Available fluid,” 279 cc. Kg. of body weight. Total body 
water, 640 cc. Kg. of body weight. 

2. Following proprioceptor depressor neurotomy six of 13 animals 
developed absolute polycythemia and all became hypertensive. 

3. Following extensive paravertebral sympathectomy, four of six animals 
developed a significant decrease in red cell mass and total blood volume. 

4. Two dogs with chronic peripheral vasoconstriction which had resulted 
in persistent marked hypertension and persistent marked absolute poly- 
cythemia were subjected to extensive paravertebral sympathectomy which 
resulted in decrease in the blood pressure to moderate hypertensive levels and 
disappearance of the polycythemia. 

5. Two dogs with chronic peripheral vasodilatation, which had resulted 
in transient minimal hypotension, were subjected to proprioceptor depressor 
neurotomy, which resulted in the gradual appearance of a moderate hyper- 
tension but polycythemia was not observed to occur. 

6. The case of a 27-year-old man with intractable polycythemia’ rubra 
vera is presented, and the effect of extensive paravertebral sympathectomy 
recorded. Thirty-nine months after operation he is asymptomatic, without 
further therapy, and is able to perform prolonged strenuous labor. The 
postoperative change in his blood volume and blood composition has been 
related to sympathetic efferent function. 

7. The relationship of these data to the normal and abnormal physiology 
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of red blood cell formation by the bone marrow is discussed, and the meager 
experimental literature reviewed. 
CONCLUSION 

By means of proprioceptor depressor neurotomy a form of absolute polycy- 
themia has been experimentally produced in dogs, and it has been shown 
that this form of experimental polycythemia disappears following extensive 
paravertebral sympathectomy. Support is given to the theory that the 
normal and.some abnormal formation of red blood cells by the bone marrow 
is under the control of the sympathetic nervous system through its regulation 
of the caliber of the presinusoidal vessels of the marrow. The theory is 
advanced that some cases of polycythemia rubra vera in man are due to con- 
striction of the presinusoidal blood vessels of the bone marrow and extensive 
paravertebral sympathectomy is proposed as treatment for this disease. The 
successful result of treatment of a man with polycythemia rubra vera by 
extensive paravertebral sympathectomy is recorded. 
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PRINCIPLES AND PRACTICE OF PENICILLIN THERAPY 
IN DISEASES OF THE NERVOUS SYSTEM 
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FROM THE DIVISION OF NEUROLOGICAL SURGERY, UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS. 


PENICILLIN is the most powerful chemotherapeutic agent now known, 
and its value in infections of the nervous system is well-recognized. How- 
ever, its administration for optimal results in the treatment of nervous 
diseases is not yet standardized. This is, in part, due to the fact that most 
emphasis has been placed upon the antibiotic effect of the drug on the invading 
organism and little attention paid to its pharmacologic effect upon the brain 
and spinal cord, which are equally important factors in arriving at a rational 
therapeusis. In part, it is due to a lack of exact knowledge of the distribution 
and dispersion of the drug in the spinal fluid after systemic and intrathecal 
administration. The accumulated clinical experience in the use of penicillin 
augmented by fundamental studies of these factors should give a more rational 
basis for the therapy of diseases of the nervous system. 


PENICILLIN SENSITIVITY OF THE ORGANISMS 

In general, penicillin is effective against gram-positive aerobic or anaerobic 
organisms, and relatively innocuous to the gram-negative organisms. How- 
ever, within the group of gram-positive organisms a wide range of sensitivity 
is found, and even strains of the same organism may exhibit variations in 
susceptibility to the antibiotic action of penicillin. For this reason it is 
essential to know not only the type of infecting organism but its penicillin 
sensitivity. Several tests, modifications of one of the methods of penicillin 
assay, have been suggested as a means of determining the relative suscep- 
tibility to penicillin of an organism.** Jn vitro and in vivo experiments 
have demonstrated that at certain critical penicillin concentrations any given 
susceptible organism may be destroyed within a certain time. With lesser 
amounts of penicillin the organisms will grow indefinitely.*! In the case 
of the Streptococcus haemolyticus doubling of this critical penicillin concen- 
tration roughly halves the time necessary for killing the organisms. But 
a still further greater concentration does not appreciably shorten the lethal 
period. From in vitro experiments the critical concentrations for the more 
common organisms found in infections of the central nervous system”! have 
been determined (Table I.) 

There is no reason to believe that these concentrations are not equally 
applicable to the spinal fluid. In general, then, one might conclude that a 
concentration of penicillin in the cerebrospinal fluid of 0.036 Oxford units/cc. 
for a period of at least three hours should be adequate to destroy Streptococcus 
haemolyticus organisms. However, two other factors must be considered. 
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In the first place, the number of organisms present in the meninges may 
be so great that the effectiveness of the penicillin is decreased. Probably 
more important is the fact that organisms may be introduced into the sub- 
arachnoid space from foci which are inaccessible to the drug. For this reason 


TABLE I 
CRITICAL CONCENTRATIONS FOR THE MORE COMMON ORGANISMS 
FOUND IN INFECTIONS OF THE CENTRAL NERVOUS SYSTEM 


Concentration of 


Time Penicillin in Blood 
Organism Exposed Units/Cc. 
Streptococcus haemolyticus (Meningococcus approx. the same 1)......... 3 hrs. 0.036 
RN a0 va ca io hc a's coe ww io Tee (a Gy0'S: 5 Sle vio bis ¥l0-8 8 <8 3 hrs. 0.066 
Pneumococcus, Type I (Types III and VII approx. the same 1)........ 3 hrs. 0.078 
en OSes a ory inet Gad /6uis 65 Win: 0\%.0 wis ores we Wwe ws eis ae a 8% 3 hrs. 1.50 


the theoretic exposure time necessary for killing is inadequate in practice. 
However, the effective concentrations for the various bacteria give an indica- 
tion of the relative amount of penicillin necessary to control an infection 
due to that particular organism. 


MODES OF ADMINISTERING PENICILLIN 

Systemic Administration —Although the earlier investigators! 1° 2° were 
unable to detect penicillin in the spinal fluid there is accumulating evidence 
that it may enter the spinal fluid and attain an adequate bacteriostatic concen- 
tration after parenteral administration. ** Under normal conditions of the 
meninges in experimental animals and man, penicillin has been detected in 
the spinal fluid in only a very small percentage of cases.11 If the meninges 
were irritated by bacterial, chemical or physical agents, however, penicillin 
was found to pass through readily to the spinal fluid. Whereas, intravenous 
administration of sufficient penicillin to produce blood levels of 23.5—32.5 
Oxford units per cc. did not cause any of the drug to be detected in the 
spinal fluid of the Macaque monkey, after inducing a meningeal reaction by 
cerebral concussion or by the intrathecal injection of air, heparinized blood 
or bacteria, from 0.17-0.78 Oxford units per cc. of penicillin were usually 
found in the spinal fluid. Occasionally concentrations as high as 10-50 per cent 
of a blood level of 10-25 units per cc. were found. In man penicillin given 
intramuscularly six to eight hours after pneumo-encephalography may be 
detected in the spinal fluid within an hour. In animals with meningitis the 
penicillin may be detected in the spinal fluid for as long as three hours after 
its systemic administration. Rammelkamp and Keefer’ found that the 
absorption of the penicillin from the cerebrospinal fluid was more rapid in 
patients suffering from meningitis than in normal subjects. 

On the basis of these studies it seems that a concentration of penicillin 
adequate for the more sensitive organisms may be maintained in the spinal 
fluid by systemic administration of the drug every three hours. 

Intrathecal Administration—Because a sufficiently high concentration to 
kill the bacteria more resistant to penicillin probably cannot be obtained by 
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systemic administration, supplemental intrathecal injection is necessary in 
some cases. The ideal route of intrathecal administration would be one by 
which the penicillin would be equally distributed in the subarachnoid space, 
with the highest concentration, if a gradient were present, about the foci of 
infection. An understanding of the dispersion and distribution of penicillin 
in the spinal fluid when given by lumbar, cisternal and intraventricular routes 
is essential to determine the optimum technic. 

When the drug is injected into the lumbar subarachnoid space of man 
its dispersion throughout the spinal fluid is quite slow. Within one to two 
hours the drug can usually be detected in the cisternal fluid, reaching a peak 
concentration in two to six hours of 0.4 per cent/cc. of the amount injected. 
However, in some cases the penicillin is apparently absorbed before it can 
reach the cisterna magna, for in several instances in man no penicillin has 
been detected in the cisternal fluid after the lumbar injection of 20,000 
Oxford units, and in one case after the injection of 30,000 Oxford units." 
The concentration of the drug in the lumbar region rapidly falls, so that 
four hours after injection it is usually under 0.5 per cent/cc. of the amount 
injected. However, an adequate bacteriostatic concentration is maintained 
for approximately 24 hours (Chart I). 

When the drug is injected into the cisterna magna of man the concentra- 
tion in the lumbar subarachnoid fluid rapidly increases so that two hours 
after the injection it is approximately 1 per cent/cc. of the amount given. 
In four hours it has decreased to one-half that concentration. After that 
time the concentration curves of the lumbar spinal fluid, following lumbar and 
cisternal injection of penicillin, are practically identical (Chart 2). In dogs 
the ventricular concentration after cisternal injection is higher than after 
lumbar injection. Presumably the concentration in the basal cisterns and 
subarachnoid space over the convexity of the brain is also higher. 

Intraventricular injection of penicillin in man should be followed by 
rapid and widespread dispersion of the drug if it follows the pattern of 
diffusion of dyes injected intraventricularly. Because a perforation in the 
skull is necessary this mode of administration is undesirable as a routine 
method of giving penicillin. 

From the standpoint of dispersion of the drug, the injection of penicillin 
into the cisterna magna is the best route available. However, cisternal 
puncture is not without danger, even in experienced hands, so that usually it 
is wise to sacrifice the somewhat better distribution of the drug, for the 
greater safety of lumbar injection. 


DOSAGE 
If an attempt is to be made to control the infection of the central nervous 
system by systemic administration, the penicillin must be given in relatively 
large amounts (40,000, or more, units) at three-hour intervals or contin- 
uously intravenously. If the condition does not respond to this dosage, 
intrathecal administration of the drug is desirable. In the usual case 10,000 
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Oxford units of penicillin dissolved in 5-10 cc. of distilled water or normal 
saline and injected intrathecally is quite sufficient to maintain an adequate 
bacteriostatic level in the spinal fluid for 24 hours. Larger amounts of 
penicillin may give rise to severe reactions.’ ?? Injections at 12-hour 
intervals are likely to be accompanied by prolonged fever and signs of 
meningeal irritation.” 





Fic. 1.—Photographs showing the reactions of a monkey ten minutes after injection of 20,000 
Oxford units into the lumbar subarachnoid space. That the animal is experiencing peri-anal paresthesias 
seems evident. 

REACTIONS TO INTRATHECAL INJECTION OF PENICILLIN 

Fortunately, there is relatively little reaction of the meninges to the 
injection of penicillin. 

Pleocytosis—The more purified products now available cause only a 
slight pleocytosis, usually less than 100 cells, the majority of which are 

1128 














eam 188 PENICILLIN IN NERVOUS DISEASES 


Number 6 


lymphocytes, with or without a slight increase in protein. There appears 
to be some variation in amount of the impurities in the products manufac- 
tured by different companies. From the injection of some preparations a 
marked sterile meningitis is produced but this is rare at the present time. 
Usually there is no systemic reaction to amounts of 10,000 units or less. 

Radiculitis—Although relatively small doses produce the effects men- 
tioned above, larger doses may cause serious and alarming sequelae. In 
monkeys 20,000 Oxford units in 1 cc. of normal saline, injected into the 
lumbar subarachnoid space has produced severe reactions" (Fig. 1). Within 
ten minutes of the injection, the animal would begin to inspect, rub, and then 
scratch vigorously his tail and peri-anal region. This behavior might per- 
sist for one-half to one hour. It seemed probable that the animal was 
experiencing paresthesias. Although the monkey appeared to be well the 
next day there is clinical evidence that such radicular reactions may not be 
so fleeting. 

We have seen, in consultation, an adult male who, as a complication of 
a cholesteatomatous otitis media developed severe symptoms and signs of 
meningeal irritation. A radical mastoidectomy was performed. The spinal 
fluid the following day, although sterile, contained 3,000 cells. At this time 
100,000 units of penicillin in 5 cc. of saline were given intrathecally. Twelve 
hours later the patient complained of urinary retention and paresthesias in 
the saddle region. A marked hypesthesia in this area was found. The 
urinary and sensory disturbance gradually decreased but when the patient 
attempted to walk two weeks after operation his legs were weak and unsteady. 
Over a period of three months the disturbance gradually cleared up. To 
complicate this case it was found that the patient had had a positive Wasser- 
mann reaction in the blood 12 years previously, although his spinal fluid 
reaction was negative. The patient neglected any antiluetic therapy and 
at the time of hospitalization for his above mentioned complaints his blood 
Wassermann reaction was still 4 plus. The spinal fluid Wassermann, 
however, was negative and the colloidal gold curve was normal. 

It seems, therefore, that this case should be considered a sacral radiculitis 
resulting from penicillin therapy. That the systemic luetic infection was 
the main factor in the complication seems improbable. Similar reactions 
have been reported in individuals not suffering from syphilis.2* In retro- 
spect, the intrathecal penicillin therapy used in this patient seems rather 
severe because an actual infection of the meninges was never established and 
the patient’s condition, general and local, did not appear to be severe enough 
to warrant the large dosage. 

Arachnoiditis:—Occasionally a localized arachnoiditis at or near the 
site of injection of intrathecal penicillin has developed. It is difficult to be 
certain that this condition is entirely due to the drug, for the penicillin in 
the cases cited was given for a meningitis, which rarely has a localized 


arachnoiditis as a sequela. 
Cerebral Reactions.—Besides toxic reactions on the spinal cord, large doses 
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of penicillin administered intrathecally may induce cerebral reactions in the 
form of convulsions, coma and even death.*” *8 In man, apparently, a rela- 
tively large amount of penicillin may be tolerated, but in the monkey 20,000 
units injected in the lumbar subarachnoid space has induced epileptic attacks, 
coma and death within 12 hours. Neymann, ef al.,1° however, has reported 
two severe reactions with convulsive manifestations, coma and death from 
the administration of 50,000 Oxford units in the cisterna magna for the 
treatment of dementia paralytica. Although Neymann, et al., suggests that 
these manifestations are due to impurities in the penicillin, animal experi- 
mentation*® has shown that pure crystalline penicillin has identical convulsive 
properties to commercial preparations. Moreover, the convulsive and 
antibiotic factors appear to be approximately equally affected by various 
means of inactivation. We believe that it is the penicillin itself which is 
responsible for the convulsive manifestations. 

Convulsive reactions are more likely to occur following intraventricular 
injection of the drug or its topical application to the cerebral cortex. In 
dogs and monkeys approximately 500 Oxford units so administered is suf- 
ficient to induce epileptic manifestations.‘ Although man can tolerate much 
larger doses in either site, convulsive reactions have been reported. Probably 
many more have occurred, but have been considered the result of the primary 
condition for which the penicillin was being administered. One of the 
authors knows of several cases in which convulsive seizures developed 
within five minutes to nine hours after instillation of penicillin into a cerebral 
abscess or brain sinus. That they were the result of the therapy is difficult 
to determine because other organic pathologic conditions equally potentially 
epileptogenic were present. Yet the patients had had no previous seizures, 
although their pathologic lesion had been present for months. 


PENICILLIN THERAPY IN SPECIFIC NERVOUS CONDITIONS 


Penicillin therapy has been found of great value in a wide variety of in- 
fections of the central nervous system. Some of these may be effectively 
treated by other chemotherapeutic agents ; others respond only to penicillin. 

Meningitis—The meningitides, as a group, have responded very well to 
penicillin therapy. When a case is suspected of being meningitis, the therapy 
of choice would appear to be penicillin since it is effective against a greater 
number of organisms than any other chemotherapeutic agent. If the diag- 
nostic spinal puncture yields a cloudy fluid, the immediate intrathecal injection 
of 10,000 Oxford units of penicillin seems advisable. This will induce and 
maintain an antibiotic concentration of pencillin in the cerebrospinal fluid 
for approximately 24 hours. During that time the infective agent may be 
determined ; its penicillin-resistance estimated, and the advisability of further 
systemic and/or intrathecal therapy considered. If the patient does not 
improve clinically within 24-48 hours a change to, or the addition of, sulfona- 
mides may be wise. Intracisternal injection of penicillin will give a much 
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better dispersion of the drug than the lumbar injection and may be advisable 
if a temporary improvement begins to regress. Relapses probably indicate 
a focus which is loculated and not accessible to the mode of administration 
employed. Intraventricular injection may eliminate such foci. ‘ However, 
at times pneumo-encephalography or ventriculography is needed to locate a 
loculated leaking subarachnoid or subdural abscess. 

Meningococcic Meningitis—This type of meningitis has responded very 
well to sulfonamide therapy—the recovery rate being 89-98.7 per cent with 
this form of treatment. In fact, Keefer!” states that sulfadiazine is the 
drug of choice in these infections, although he believes that if improvement 
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Cuart 1.—Showing the concentration of penicillin in the lumbar spinal fluid of man 
(average of nine cases) after injection of 20,000 Oxford units by lumbar puncture. (The 
ordinates represent Oxford units of penicillin per cc.; the abscissa hours after injection). 


is not apparent within 24-48 hours penicillin should be used. Rarely the 
two drugs may be required in combination. Since the meningococcus is 
quite sensitive to penicillin, intramuscular administration of penicillin is 
frequently adequate to control the disease.24 Craig, et al.,> and Meads, 
et al.,!° question the need for intrathecal penicillin in meningococcic menin- 
gitis. 

Streptococcic Meningitis—Although Kolmer’ states that sulfonamide 
therapy is superior to penicillin in streptococcic meningitis, in some instances 
the latter drug has proven more successful. Many strains of streptococci 
are quite sensitive to the drug. In general, however, intrathecal administra- 
tion of the drug as well as systemic injection will be required. When the 
meningitis is secondary to a focus in or about the skull, surgical treatment 
of that focus is essential to a successful outcome. 

Staphylococcic Meningitis—Since this type of infection is less amenable 
to sulfonamide therapy, penicillin is particularly desirable in its treatment. 
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Although only a few cases of staphylococcus meningitis have been reported 
as treated by this drug’ the results have been quite satisfactory. Both sys- 
temic and intrathecal administration of penicillin appear to be desirable. 
Pneumococcic Meningitis—This type of meningitis formerly was uni- 
formly fatal. Sulfonamide therapy reduced its mortality; penicillin has still 
lowered it to approximately 50 per cent.1* Since the pneumococcus is more 
resistant to penicillin than the streptococcus and staphylococcus, a high con- 
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Cuart 2.—Showing the concentration of penicillin in the lumbar spinal fluid of 
man (average of nine cases) after injection of 20,000 Oxford units by cisternal puncture. 
a represent Oxford units of penicillin per cc.; the abscissa hours after 
injection). 


centration is necessary in the spinal fluid. Administration should, therefore, 
be both systemic and intrathecal. The systemic route is important since 
many of these cases have a bacteriemia.‘* Probably penicillin combined with 
sulfadiazine is superior to either drug alone. In some cases intraventricular 
injections of penicillin may be necessary, particularly if an hydrocephalus 
develops due to fibrosis about the foramina of Luschka and Magendie at 
the base of the brain. 

Compound Fractures of the Skull with Brain Damage.—The mortality 
from penetrating war wounds of the skull and brain has been materially de- 
creased by the use of penicillin. Although the evidence that penicillin 
prophylactically decreases infection is not satisfactory,® there is no doubt 
that in the presence of infection penicillin allows surgical procedures to be 
carried out which would otherwise be impossible. It is no substitute for 
débridement and all authors emphasize that dirt, hairs, bone chips, necrotic 
brain, blood and foreign bodies must be removed if the full effect of the drug 
is to be realized. Cairns® advocates the application of penicillin powder (5,000 
Oxford units of penicillin per gram of one of the sulfonamides) to recent 
brain and scalp wounds with primary closure. In older wounds he advises 
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irrigation of the wound through a tube twice daily for three to five days. 
The policy of many surgeons is to débride the wound radically, dust in 
sulfadiazine, and/or instill 5,000—20,000 units of penicillin, dry or in aqueous 
solution, and close the wound without drainage, giving systemic penicillin for 
several days to a week. The great majority of wounds so treated will heal 
per primam. If the cerebral wound has penetrated into the ventricle, intra- 
thecal penicillin may be advisable. 

Brain Abscess.—Penicillin and sulfonamide therapy have materially 
changed the clinical picture of brain abscess. Whereas, formerly the symp- 
toms of acute cerebral infection were present for days or weeks before the 
abscess became encapsulated, now little clinical evidence of an encephalitis 
is seen. Any patient with a compound wound of the head who continues to 
complain of headache and/or whose wound is slow in healing must be 
suspected of harboring an intracranial abscess. Systemic penicillin in doses 
of 200,000—300,000 units daily should be given before the abscess is evac- 
uated or extirpated. Intrathecal penicillin may also be advisable if meningeal 
signs are present. Although injection of penicillin into the abscess cavity 
after aspiration of pus may sterilize the cavity, usually drainage or extirpa- 
tion is required before the cavity can be obliterated. At the time of drainage 
instillation of 1,000—-20,000 Oxford units of penicillin in solution or in a 
vaselined pack may decrease the likelihood of spread of infection. If 
meningitis has been preéminent, intrathecal administration of penicillin may 
be necessary. The systemic penicillin should be continued for at least a 
week after drainage of the abscess. 

Spina Bifida.—Infected meningoceles and meningomyeloceles usually 
respond well to local injection of penicillin (probably 1,000 to 10,000 Oxford 
units injected every day or two into the sac through normal skin is the 
optimal dosage). Not only does the infection subside but the thin ulcerated 
parchment-like skin over the sac heals, becomes thickened and shrinking, 
decreases the size of the elevated mass. ‘The scar is so firm that surgical 
repair may not be required.*® 

Other Nervous Conditions——Penicillin has a favorable effect on early 
cases of neurosyphilis.2° The spinal fluid findings improve in 74 per cent 
of cases. In late neurosyphilis the results are also encouraging. Systemic 
administration usually of large doses of penicillin has been used in most 
cases. Intrathecal injection does not seem to have any particular advantages, 
and in large doses severe reactions have been reported.1® Penicillin has been 
tried in a number of other diseases of the nervous system, including tubercu- 
lus meningitis, brain tumor,’ multiple sclerosis, amyotrophic lateral sclerosis 
and cerebral degeneration, without any evidence that it affects the course 
of the disease.’ 

SUMMARY 

The sensitivity of the infective organisms to penicillin is the guide to 
the concentration of the drug necessary in the spinal fluid for control of any 
disease of the central nervous system. By systemic administration alone 
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concentrations as high as 0.3 Oxford units/cc. may be attained in cases 
of meningitis, although in normal individuals little, if any, penicillin reaches 
the cerebrospinal fluid. Higher concentrations may be obtained by intra- 
thecal injection of 10,000 Oxford units. A better distribution of penicillin 
is gained by cisternal than by lumbar injection, but the latter is a much 
safer procedure. Large doses of penicillin administered intrathecally are likely 
to cause meningeal or neural reactions in the form of fever, pleocytosis, 
radiculitis, convulsions, coma and even death. The therapy for the specific 
diseases is discussed. 
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TRAUMATIC RUPTURE OF THE,SPLEEN 
Lr. Cot. Harwetut Wusson, M.C., A.U.S. 


Mempuis, Tenn. 


TRAUMATIC RUPTURE of the spleen is not an uncommon intra-abdominal 
accident. Because of the great importance of early diagnosis and proper 
treatment, because of the diagnostic and therapeutic difficulties in certain 
atypical cases, and because the increased incidence of this condition is both 
apparent and real, it seems worth while to briefly review certain important 
aspects of the problem. Most reports in the literature deal with one or 
two cases. Such reports convey the impression that the incidence is much 
lower than is actually the case. Wright and Prigot! found that one out of 
every 666 accident cases admitted to the Harlem Hospital, of New York 
City, suffered from a ruptured spleen. Roettig, Nusbaum and Curtis? 
found splenic rupture to be present in one out of every 920 accident ad- 
missions to the University of Ohio teaching hospital. 

The incidence of splenic rupture has become more apparent as diag- 
nosis has improved; however, there is little doubt that the increase is also 
a real one, due to a larger number of traumatic incidents resulting from 
motor accidents, industrial injuries, and injuries received by both civilians 
and soldiers as a result of war. Of special importance is the fact, emphasized 
by Zabinski and Harkins’, that in approximately one out of seven cases 
of splenic rupture the serious hemorrhage is of the secondary type. This 
now well-established clinical syndrome is especially treacherous and de- 
serves further emphasis in the literature. Splenic rupture is the most 
common as well as one of the most serious closed intra-abdominal injuries 
due to trauma. Even in cases where the only intra-abdominal injury 
is splenic rupture the prognosis is grave, unless diagnosis and treatment 
are both early and accurate. The frequency with which such lesions are 
associated with other traumatic injuries make the correct diagnosis and 
management more difficult and increases the mortality rate. In civilian 
life, splenic rupture is seen more frequently in closed intra-abdominal in- 
juries. Our impression is that in battle casualties splenic rupture is due 
in a higher percentage of cases to penetrating intra-abdominal wounds. 
In cases of obvious penetration of the peritoneal cavity, the surgeon is 
always obligated to explore the cavity, whereas, in closed injuries, especially 
in cases with severe associated lesions, it is likely to be more difficult 
to know the proper course to follow. The type and relative frequency of 
various associated lesions has been pointed out by Wright and Prigot, 
and by Roettig, Nusbaum and Curtis, as shown in Tables II and III. 
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ANATOMY AND PHYSIOLOGY 


A few pertinent facts regarding the anatomy and physiology of the 
spleen are of special benefit in enabling one better to properly manage 
the cases being considered. The spleen is a very vascular organ composed 
of friable lymphoid tissue held together by a network of thin fibrous 


TABLE [| 
INCIDENCE OF RUPTURE OF THE SPLEEN IN CASES OF SUBCUTANEOUS ABDOMINAL INJURIES 


(Wright and Prigot*) 


No. of 
Cases Percentage 
Subcutaneous Rupture: 
OTR ech ie bal ei ca ose yas Ges lads le ace avin elegve Panel eS 30 47.6 
BMS OES Tb iis Gre. 6 a bids 6 Site F:64 Ve 4% Ble Si9 babe wae WO 18 28.6 
(er 11 a 
TMETOE oiste coe 646 ke Sb eSewsvervecrons Ceedatie 3 ma 
ROMMOR PES Sigs fccod dss asie 00 aied dan bo s0 o.8q-eewbeos « 1 6 
63 100.0 
TABLE II 
ASSOCIATED INJURIES IN 22 CASES OF SPLENIC RUPTURE 
(Roettig, Nusbaum and Curtis)? 
Type of Injury Incidence 
Mey to a ar 5 
RAMON NONNNNE SS 5 ss Sock <a sta b's go Sa, 0 wSie-Slard SRA DIETER ON 3 
PYACEUPG Of CXtTOMItESs 0.0.5.0 506 co etesevéows cess 3 
AZOTRIGIO OF PATIOCTOOB 8 oii .6.dhs.a.s.d0i0'o wba cece wesc 1 
PO Cl Ue 2 
Retroperitoneal hemorrhage............ Soars eae ei 1 
PRUCUT IVE i a: ais 6's 6's 50 0:Gs 0 Widba%s sined's wad caw 2 
TABLE III 
ASSOCIATED INJURIES IN 30 CASES OF SPLENIC RUPTURE 
(Wright and Prigot)* 
No. of 
Associated Lesions Cases 
PTQCUUIOG TIDE. 0 6c ccccccees Ce EC eS. of eM a ER ae RL ok ER 10 
Broken bones (simple or compound fractures)............cccccccececcceceees 8 
NN 85a a oad ala d Ula. auaihibse cide his Hible Wilpers betes a thes alee 6 
Hemothorax, pneumothorax, lacerated lung............ 0.0 c cece cece cccececes 4 
Cerebral complications, fractured skull, lacerated brain...................000. 3 
UE MNNIR REIL Soo oS big 5 Sv ai 5020 ash Ja 61 6d SAL Se as Www 0 VE eat Ul a weteoatin ea ialane anes 3 
NO TRNG ET NMIIRERENN coe 5 .c2a wide seco aslo wide oe nels eames Wis eiea wee 1 
are NNR INNIS ooh tar ced Sicie win ele oid © Slaleia:s.5:0e G CRE awe ED Re Rae eka 1 


trabeculae and a thin fibrous capsule. The organ is almost entirely sur- 
rounded by peritoneum, being suspended by two of its folds, the phrenico- 
splenic and gastrosplenic ligaments. The splenic artery is the largest 
branch of the celiac axis, and, with the exception of the renal vessels, 
is the largest visceral artery in this region of the body.* Michels called 
attention to the fact that the position of the splenic artery is as variable 
as is that of the cystic artery’. 
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The spleen being suspended in the left upper quadrant, is protected 
to a certain extent by the cushioning effect of the surrounding structures 
—the diaphragm superiorly, the stomach and intestines medially and in- 
feriorly, and by the lower chest wall anteriorly. This mechanism of sus- 
pension, while protecting the organ to a certain extent, also permits it to 
be fractured by contrecoup as well as by direct violence in certain instances. 

The pathologically enlarged spleen, regardless of the cause of the 
enlargement, has no such protection, and the liability of such spleens to 
rupture from relatively mild trauma is well known. 

The celiac plexus supplies autonomic fibers to the spleen. Stimulation 
of these fibers causes contraction of the organ to occur. There still remains 
much to be learned regarding the physiology of the spleen. During the 
past two decades our knowledge concerning the physiology of the spleen 
has been greatly augmented due to the studies of Barcroft*, Doan, Curtis 
and Wiseman’, Mann’, and Holman®. Three of its functions which are 
well-established are as follows: The formation of lymphocytes in the 
malpighian corpuscles; the destruction of formed elements of the blood; 
and the storage of blood’®. This blood reserve may be drawn into the cir- 
culation during periods of emergency. It is known that the spleen under- 
goes contraction during periods of asphyxia, exercise, hemorrhage and 
emotional excitement. Barcroft and Nisimaru have demonstrated that the 
spleen is constantly contracting and expanding at intervals of approximately 
30 to 60 seconds. These changes in splenic volume are reflected as minor 
changes in the mean blood pressure. It is generally believed that removal 
of the spleen has no detrimental effect on the general health or growth of 
the individual. 


DIAGNOSIS 


The fact that no single sign is pathognomonic of rupture of the spleen 
has been pointed out repeatedly. In most cases the diagnosis is made from 
a history of injury to the left side, followed by signs of peritoneal and 
diaphragmatic irritation coupled with a clinical picture of hemorrhagic shock. 

The most frequent early findings are those of abdominal pain associated 
with tenderness and rigidity. These findings may be limited to the left 
upper quadrant of the abdomen, or there may be generalized abdominal 
findings. Pain in the left shoulder region, due to irritation of the diaphragm, 
is a fairly common symptom. This is often referred to as Kehr’s sign. 
An area of increased dullness to percussion in the splenic region, Ballance’s 
sign,’* while not present in all cases, certainly should be looked for. In 
some instances a definite fluid wave has been demonstrated prior to opera- 
tion. The signs of hemorrhagic shock found in splenic rupture are no 
different from those produced by a sudden extensive loss of blood in any 
other region. There may be pallor, cold clammy skin, mental confusion, 
a normal or subnormal temperature, tachycardia, and a falling blood pres- 
sure. In some instances, due to vasoconstriction, the body is able to com- 
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pensate for a rather extensive loss of blood before findings of pronounced 
shock are evident. 

Roentgenologic examination is likely to show an area of increased density 
in the left upper abdominal quadrant, and there may or may: not be an 
elevation of the left diaphragm’®. Examination of the peripheral blood 
usually shows a leukocytosis and a gradually developing anemia. 

In questionable cases, some authors have advised a diagnostic abdominal 
paracentesis to demonstrate the presence of blood in the peritoneal cavity. 
This is not always a reliable procedure, for in some instances this method 
will lead one away from the correct diagnosis by failing to demonstrate an 
extensive accumulation of blood walled-off by the omentum and vicera. 

Three cases, each serving to emphasize different problems in the man- 
agement of splenic rupture are reported briefly. 


CASE REPORTS 


Case 1.—C. S., a combat soldier, was admitted to the hospital complaining of pain 
in the right lower quadrant of the abdomen. The patient began to experience general- 
ized abdominal pain of moderate severity 24 hours prior to admission. He became nau- 
seated and vomited once. Six hours before admission the pain became localized in the 
right lower quadrant. There was no history of a previous similar attack. 

The past history revealed that one week before admission the patient had been 
knocked down by the concussion of a shell burst on the Anzio beachhead. The concussion 
was so severe that the patient was thrown against the ground about ten feet from where 
he was standing. He fell upon his left side. The patient felt shaken up and slightly 
bruised but did not feel that he was seriously injured. Following this incident he spent 
three days in an Evacuation Hospital before returning to his unit. During the three 
days following the explosion the patient felt faint on three occasions, but never fainted. 
He experienced no pain in the left shoulder or in the abdomen while at the Evacuation 
Hospital. 

Physical Examination—Temperature 100° F., pulse 80, and respiration 24. Chest: 
Scattered rales present over left chest posteriorly. Abdomen: Tenderness and slight 
rigidity in right lower quadrant, most marked at McBurney’s point. The patient was 
tender on the right side by rectal examination. Laboratory Data: Chest film—Normal. 
W. B. C. 16,700; R. B. C. 4,000,000; hemoglobin 85 per cent; lymphocytes 28 per cent. 
Urine normal. Preoperative Diagnosis: Acute appendicitis. 

Operation—A right muscle-splitting incision was made. The peritoneum was opened 
and a large amount of fluid which had the appearance of whole blood welled-up through 
the incision. Suction was used and the appendix was delivered. The distal half of the 
appendix was edematous and distended. Appendicectomy was performed, the stump 
being inverted. There was no evidence of a Meckel’s diverticulum, and the abdomen 
was closed. It was felt that the blood in the abdominal cavity represented both an old 
and a recent hemorrhage. In view of the patient’s injury one week previously, a tenta- 
tive diagnosis of delayed hemorrhage from traumatic rupture of the spleen was made, 
The appendicectomy had been performed under a low novocaine spinal anesthetic. Ether 
and oxygen were given, and a left rectus incision was made. The spleen was examined 
and found to be torn at the lower pole. Large clots were present and some fresh bleed- 
ing was occurring. Splenectomy was performed without difficulty. During the operation, 
2000 cc. of sanguineous fluid which had the appearance of whole blood was aspirated from 
the abdominal cavity. The blood pressure remained at a normal level throughout the 
procedure; however, 500 cc. of plasma was given during the operation and 500 cc. of 
whole blood was given after the completion of the operation. 
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Pathologic Examination: The appendix, in its distal half, is extended and the wall 
is edematous. There is no fibrin on its surface. The lumen is obstructed by a fecolith. 

The spleen was sent to a General Medical Laboratory. The report submitted by 
Lt. Col. Tracy B. Mallory, M.C., was as follows: Specimen consists of a spleen, measur- 
ing 10 x 8 x 5 centimeters. Capsule is grey-brown and slightly wrinkled. Beneath the 
splenic notch is a splenical enlargement covered by intact capsule, but appearing dark 
purple in color. There is a small linear tear at the hilus, two centimeters in length. On 
cut-section the splenic pulp is red-brown in color except for an area, 4 x I.5 centimeters, 
lying beneath the discolored portion of the capsule. This area is deep purple in color, 
and soft in consistence. A small hemorrhagic area one centimeter in diameter is found 
in the pulp in the upper pole. 

Microscopic Examination: Sections show focal areas of parenchymal and subcapsular 
hemorrhage. There is an early polymorphonuclear response in some regions and a small 
zone of infarct necrosis, probably due to the presence of ischemia, is seen. Pathologic 
Diagnosis: Ruptured spleen. Multiple hematomata of spleen. 

Postoperative Course: The patient developed bronchopneumonia following operation. 
This responded promptly to sulfadiazine, and his recovery was otherwise uneventful. 
Three weeks following operation the patient had recovered entirely and the blood studies 
were normal. 

Case 2.—J. C., a well-developed young soldier, while working as a lineman fell 
from a pole after receiving an electrical shock. The patient struck his head and left 
shoulder against the ground at the time of the fall. At 4:20 p. M., one-half hour after 
the fall, this man was brought to the hospital. 

Physical Examination: The findings of severe traumatic shock were present, and 
it was impossible to obtain a blood pressure reading or to palpate the pulse on admission, 
There was a superficial electrical burn of the right hand and penis. Over the occipital 
region was a deep irregular laceration, approximately 14 centimeters long. The patient 
was unable to move his legs, and anesthesia was present below the nipple level. The 
patient was placed in the shock position and was given 750 cc. of plasma, followed by 
500 cc. of blood. He was seen in consultation by Major William Beswick, M.C., neuro- 
surgeon, who felt that it was best at the time to apply simply a sterile dressing to the 
shaved scalp and to delay, for the time being, any operative repair. 

The patient was moved by litter a short distance to the Recovery Ward, and the 
blood pressure again fell to 60/30. The pressure returned to 110/70 following the ad- 
ministration of 1,000 cc. of whole blood and another 250 cc. unit of plasma. Examination 
at this time showed the patient to have no complaints except that of some discomfort 
about the scalp wound and in the region of the left shoulder, upon which he had fallen. 
The abdomen was soft, and there was no evidence of fracture of any of the long bones. 

At 3 A. M. the blood pressure had fallen to 80/40, and the patient again showed 
ali the signs of severe hemorrhagic shock. The abdomen was soft, and no masses could 
be felt. There was no fluid wave; however, shifting dullness was present in the left 
flank. A diagnosis of rupture of the spleen with severe intra-abdominal hemorrhage 
was made. It was realized that the patient also suffered from a lesion of the spinal cord 
at the level of D-4, and from a severe scalp laceration. 

Operation.—Celiotomy was done without any anesthetic agent being necessary be- 
cause of the cord injury. Oxygen and blood replacement therapy were continued through- 
out the operation, which was begun with the patient in a state of shock. Blood was not 
apparent when the abdominal cavity was first opened. After the omentum was with- 
drawn the left side of the abdomen was found to contain a large amount of clotted and 
unclotted blood. The spleen was lacerated in two places and a retroperitoneal hematoma 
was present in the left renal area. Splenectomy was performed and the abdomen was 
closed with through-and-through heavy silk sutures. At the end of this procedure the 
blood pressure had returned to 102/70. The scaip was then repaired, local anesthesia being 
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GrapH 1.—E. K. G. tracing (on sixth postoperative day) showing evidence of severe myocardial damage 
characterized by atrioventricular fibrillation flutter and auriculoventricular block. 








Graru 2.—E. K. G. (one month after first E. K. G.), curve is approaching that of a normal tracing, 
indicating marked improvement in the cardiac mechanism. 
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used. During the course of the operation 1,000 cc. of blood and 500 cc. of plasma were 
administered. 

One week after splenectomy a laminectomy was performed by Major William 
Beswick, M.C. At the site of the compression fracture of the fourth dorsal vertebra 
the spinal cord was found to be partially severed due to trauma produced by fragments 
of bone, The patient withstood the operation satisfactorily; however, motor function 
and sensation were not improved as a result of the cord section. The patient was 
eventually evacuated to the Zone of Interior. 

Case 3.—S., a 14-year-old school boy, was admitted to the hospital one hour 
after his school bus had been struck by a train. The pulse and blood pressure were 
not obtainable on admission; however, after the patient had» been placed in the shock 
position and given intravenous fluids the pressure was found to be 105/65. Examination 
revealed a five-centimeter laceration of the scalp, abrasions of the left chest and 
abdomen, and superficial abrasions of the extremities. Tenderness was present in the 
left upper abdominal quadrant. There was slight rigidity of the left rectus muscle 
in the upper abdomen. A normal urine specimen was obtained. 

It was felt that the patient probably had a ruptured spleen, and he was sent to the 
operating room by way of the Roentgenologic Laboratory. No fractures of bones were 
found. In the plain film of the abdomen the left upper quadrant was more dense. than 
normal. The psoas shadow on the left side was obliterated. This was interpreted as 
being suggestive of hemorrhage from a ruptured abdominal viscus. The chest film 
was normal. 

The patient was taken immediately to the operating room. The movement of 
the patient apparently affected the blood pressure adversely, as the systolic pressure fell 
to 84 as the operation was begun. A 500-cc, blood transfusion was administered during 
the operation and another similar transfusion was given after the operation. 

Operation.—The abdomen was explored through a left rectus incision. The abdom- 
inal cavity seemed to be filled with blood and fresh bleeding was seen to be occurring from 
the spleen, The pedicle was compressed with the left hand and the incision was enlarged 
by making a short lateral, or T-shaped, extension. Splenectomy was performed and 
the abdomen was closed without drainage after the blood had been removed by aspiration. 
The scalp laceration was sutured. 

The postoperative course was relatively uneventful for four days. The patient was 
slightly distended, but passed flatus and had a normal bowel movement on the fourth 
postoperative day. The pulse, which was usually regular, varied between 90 and IIo 
much of the time. The urine at this time was normal. 

On the sixth postoperative day a marked irregularity of the pulse was noted 
(Graph 1). The rate varied, at times being found to fluctuate between 38 and 65. A 
medical consultant, Dr. Lyle Motley, studied the patient at this time and felt that the 
arrhythmia was due to cardiac trauma at the time of the accident. It was felt that 
there might be a fracture of some myocardial fibers. No specific therapy was advised 
and the consultant felt that the prognosis would probably be favorable. 

On the ninth postoperative day, because of abdominal cramps and distention asso- 
ciated with vomiting and constipation, a diagnosis of intestinal obstruction was made. 

A right rectus incision revealed an obstruction of the lower ileum at a point where 
the bowel was adherent to the anterior abdominal wall. When the bowel was separated 
from the anterior abdominal wall an abscess containing 50 cc. of pus was opened into, 
and it was seen that a small perforation of the ileum had apparently existed, which had 
become sealed over. A purse-string suture was used to close the bowel opening. A 
Witzel ileostomy was done, and two rubber tissue drains were left in the abdomen and 
brought out via stab wounds, one drain leading to the site of the abscess cavity near 
the abdominal wall, and the other being placed in the pelvis. 
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There was an unexplained hematuria for a few days following the operation. The 
urine returned to normal without any specific therapy. The course after this was 
uneventful except for a small abscess in the abdominal wall, which was drained under 
local anesthesia. The patient left the hospital approximately eight weeks after admis- 
sion. At this time, his abdominal wall was well healed, the pulse rate was normal, and 
studies of the blood, urine and electrocardiogram were normal (Graph 2). 


Discussion.—Each of the cases presented serves to emphasize certain 
important problems in the diagnosis and treatment of splenic rupture. Case 1 
came to the hospital with a diagnosis of acute appendicitis, which was veri- 
fied at operation. The finding of a large collection of blood in the peritoneal 
cavity, coupled with the history of being thrown against the ground one 
week previously, made the diagnosis of splenic rupture with delayed 
hemorrhage seem likely. It is believed that the spleen was injured at 
the time of the shell concussion one week prior to the development of 
acute appendicitis. Hemorrhage no doubt occurred at the time of this 
injury and was probably responsible for the patient feeling quite faint 
on three occasions, although he never actually fainted. It seems likely 
that additional blood was being lost from the splenic rupture even though 
no symptoms were present which could be attributed directly to this. Blood 
in the right colic gutter can, without question, produce pain which simulates 
acute appendicitis; however, examination of the appendix showed it to be 
definitely inflamed. This then, is a case of splenic rupture with delayed 
hemorrhage which was operated upon during the latent or silent period, the 
condition being brought to our attention because the patient chanced to 
develop acute appendicitis at the same time. 

The syndrome of delayed hemorrhage from splenic rupture is important, 
dangerous, and not nearly so uncommon as one might be led to believe from 
the paucity of material on the subject found in the literature!* 1415, In 
most cases there is a history of some type of trauma to the splenic region 
followed later by the findings of peritoneal irritation and hemorrhagic 
shock, these findings being due to the presence of the blood lost into the 
peritoneal cavity. The blood in the abdominal cavity most commonly causes 
pain, tenderness and rigidity in the left upper quadrant, but these findings 
may be generalized, and in one reported case the physical signs were present 
only in the right lower quadrant. The blood from the ruptured spleen 
may cause diarrhea or constipation due to ileus. Distention may be pres- 
ent. McIndoe™, in 1932, studied 46 cases representing cases collected 
from the literature, and his own case. He stimulated much of the sub- 
sequent interest in the subject. Recently Zabinski and Harkins* have made 
a comprehensive review of the literature and summarize the findings gained 
from a study of 179 cases of delayed hemorrhage from splenic rupture. 

Case 2 shows the importance of considering the spleen as a source 
of internal hemorrhage even in the absence of pain, tenderness or rigidity 
of the abdomen. Shifting dullness in the left flank was demonstrated in 
this case. The fact that blood was not visible when the abdomen was opened, 
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until after the omentum was withdrawn, stresses the fallacy of relying upon 
abdominal paracentesis as a criterion for diagnosis. 

Cases 2 and 3 were both operated upon with the patients in a state 
of shock. The operation was considered imperative and was, in fact, a part 
of the treatment for shock, as it was necessary to control the active bleed- 
ing. In both instances blood was given during and after the operation. 
These cases also stress the necessity of performing major surgery to pre- 
serve life even in the presence of such severe associated injuries as frac- 
ture of the dorsal spine with partial section of the spinal cord and severe 
trauma to the myocardium. The successful treatment of such cases calls for 
surgical intervention combined with immediate blood replacement therapy. 

A few cases are reported where minor splenic fractures were successfully 
treated by tamponade or suture, but these methods offer far less security 
from future hemorrhage than does splenectomy. Studies of reported cases 
reveal a surprising number of wound disruptions occurring as complications 
in these cases. This has frequently been secondary to pancreatic injury 
which occurred at the time of the splenectomy. Such injuries can best 
be avoided by the individual ligation of splenic vessels near the hilum and 
the avoidance of mass ligatures which may inadvertently include some 
pancreatic tissue. 


SUMMARY AND CONCLUSIONS 


1. The incidence of traumatic rupture of the spleen is believed to be 
increasing due to more accurate diagnosis and to an increase in traumatic 
accidents encountered by civilians and soldiers. 

2. The anatomy and physiology of the spleen are reviewed as related to 
the management of splenic rupture. 

3. Traumatic splenic rupture is the most frequent, as well as one of the 
most serious, subcutaneous intra-abdominal injuries. 

4. The importance of recognition of the syndrome of splenic rupture with 
delayed hemorrhage is emphasized. 

5. Splenectomy combined with adequate blood replacement therapy is 
the treatment of choice, and this should be instituted as soon as the diag- 
nosis is reasonably established. 
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ACUTE HYPERTENSION WITH SODIUM PENTOTHAL 
ANESTHESIA IN NEUROLOGIC SURGERY 
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THE USE OF SODIUM PENTOTHAL as a surgical anesthetic agent continues 
to increase in popularity. This is especially true in cases where extensive 
muscular relaxation is not required. For this reason, many neurosurgeons 
are using intravenous sodium pentothal anesthesia in all intracranial surgery, 
usually with the exclusion of suboccipital and cervical exposures. Despite the 
fact that many of these operations are quite lengthy—frequently lasting three 
and four hours—no adverse criticism has been brought forth. There are, 
however, very few reports of any unusual reactions that may occur in its use 
in neurologic surgery. 

One particular phenomenon that has occurred with surprising frequency 
is an elevation of blood pressure occurring during the subtemporal approach 
for a retrogasserian neurectomy when performed under sodium pentothal anes- 


Woodall and Goodman?! have noted this reaction but felt that it was 


thesia. 
Lundy"! mentions that he has 


due to stimulation of the gasserian ganglion. 
noted vascular hypertension once or twice in intracranial surgery when pen- 
tothal anesthesia was used. The type of case or procedure, however, is not 
described. The vascular etfect most frequently mentioned has been a mild 
hypotension correlated with the rapidity and amount of pentothal used.!* 
This was thought to be due to a reduced sympathetic activity.1* Other signs 
of a state of sympathetic hypoactivity is a reduced peripheral resistance’® and 
raised skin temperature.? Allen, Lundy and Adson? used intravenous pen- 
tothal as a preoperative indication for sympathectomies. They believe that it 
gave an accurate reflection of the fall in blood pressure that ensued after upper 
lumbar and splanchnic resections. 

Gruber, et al.,8 and Burstein and Ravenstine,®> have shown from work on 
animals that the parasympathetic (cardiac vagus) system is hypersensitive 
during sodium pentothal anesthesia. Further evidence of autonomic hyper- 
sensitivity, noted by Bishop and Rudder* has been the repeated appearance of 
bradycardia during ocular enucleations only when performed under intra- 
venous pentothal anesthesia. They felt that this was ‘a manifestation of the 
oculocardiac reflex plus the parasympathetic action of pentothal sodium.” 

In animal experimentation, Reynolds’ failed to note a fall in blood pres- 
sure when sodium pentothal was injected slowly and just sufficiently to stop 
respirations. A second dose given after the return of reflexes caused an in- 
creased pulse pressure, but without ‘‘significant alteration of the systolic pres- 
sure.” Draper and Whitehead,® likewise, found the blood pressure main- 
tained at normal levels in dogs during surgical anesthesia, with a fall during 
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the toxic stage. After respiratory arrest had been maintained and anoxemia 
had developed, the blood pressure level rose. 

Elevations in blood pressure have been reported with sodium pentothal 
anesthesia in rabbits!® and dogs.*.® An initial fall in pressure in half of the 
dogs was followed by a secondary rise which surpassed the control pressure 
in 90 per cent of the experiments. The maximum rise was 77 mm. of mer- 
cury. In some a pure rise in pressure occurred. 


MATERIAL AND METHODS 


The present report comprises observations on blood pressure changes 
which occurred during the subtemporal surgical approach to the retrogas- 
serian ganglion in a group of 20 cases. In order that a control might be estab- 
lished, a second group of 20 cases of extirpation of herniated intervertebral 
disks were studied also. A series of ten consecutive cases from each group 
operated upon under intravenous sodium pentothal anesthesia was compared to 
a similar series operated upon under other anesthesia. 

The method of surgical exposure of the gasserian ganglion was similar in 
all cases. In each instance the patient was placed in a sitting position and a 
vertical incision was made in the temporal region. The temporal fascia and 
muscle were incised, the bone was trephined and enlarged to the size of a silver 
dollar. After the dura mater was stripped from the floor of the middle fossa, 
the foramen spinosum was plugged with cotton and the middle meningeal 
artery cut. The dura propria was elevated from the covering of the ganglion 
which was incised and the retrogasserian fibers avulsed. At the completion of 
the avulsion, jugular compression was performed to verify hemostasis. 

A routine technic in extirpation of the herniated intervertebral disks was 
carried out. The patient was placed in a prone jack-knife position with the 
trunk horizontal. The paravertebral muscles were separated subperiosteally 
from the spines and lamina. After excising the ligamentum flavum, the dura 
and nerve root were retracted medially, the annulus fibrosus incised and the 
greater portion of the disk removed. 

Premedication consisted of .o004 to .0006 Gm. atropine sulfate in all cases, 
and either morphine sulfate .o1 Gm. or calcium nembutal .18 to .27 Gm. 
These were usually administered one hour before surgery. No significant 
change could be correlated with the latter two drugs. 

Intravenous anesthesia was always started with a 2.5 per cent solution of 
pentothal by syringe. After narcosis was well induced, a 1 per cent solution— 
usually by the slow continuous drip method—was used to maintain the de- 
sired level throughout the remainder of the procedure. Surgery usually was 
begun immediately after anesthesia was induced. Inhalation of either 100 per 
cent oxygen or oxygen plus nitrous oxide—s5o per cent each—was given. In 
four cases in which oxygen plus nitrous oxide was used the average rise in 
pressure was almost identical with the cases in which only oxygen had been 
used, The average amount of pentothal used in the subtemporal approach 
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was 1.65 Gm., and in the spinal cases it was 2 Gm. The increased amount 
used in the latter group was due to a lengthier operative time. Supplementary 
fluids or stimulants were not required in any case. 
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Cuart 1.—Showing blood pressure readings before surgery (initial), the highest level occurring 
during surgery (high), and at the completion of the operation (final) for retrogasserian neurectomy by 
the subtemporal approach are shown. 

The elevation in blood pressure under sodium pentothal anesthesia (A), may be compared with 
that under ether anesthesia (B). 
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Cuart 2.—Showing blood pressure levels during extirpation of herniated intervertebral disks under 
sodium pentothal (A) and ether (B) anesthesias are illustrated. 


RESULTS 


Under sodium pentothal anesthesia there was a marked rise in blood pres- 
sure when performing the retrogasserian operation. The average rise in sys- 
tolic pressure was 51.3 mm. of mercury and in diastolic pressure 32.5 mm. 
The elevated blood pressure was usually maintained throughout the period of 
intracranial manipulation and was not limited to the time during which the 
retrogasserian fibers were being exposed and avulsed. There was seldom an 
associated rise in pulse rate of any consequence. During the latter part of 
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the intracranial procedure the pressure began to fall and was essentially nor- 
mal at the end of the operation. In several cases it was noted that the return 
to the preoperative level took a precipitous drop immediately after bilateral 
jugular compression. The changes in each case are shown in Chart 1. The 
initial blood pressure, that which was taken by the anesthetist prior to anes- 
thesia, averaged 125.5/76 mm. of mercury. The average highest reading was 
176.8/108.5 mm., and the average final reading was 124.5/79.0 mm. of mer- 
cury. Two points are of particular interest in these figures. First, the rise 
in pressure is far above that which is likely to occur either from irritation of 
a peripheral nerve or as a coincidental reaction. Second, the final pressure 
at the end of the operation was essentially the same as the preoperative level. 

In the subtemporal series operated upon under ether anesthesia the aver- 
age systolic elevation was 14.1 mm. of mercury. The average diastolic ele- 
vation was negligible—only 0.17 mm. As might be expected from general 
surgical experiences, the final blood pressure was approximately 15 mm. of 
mercury lower. 

The results of blood pressure variations in the spinal operations are de- 
picted in Chart 2. It is at once obvious that there are no essential differences 
during the operative procedures. There was a slight rise in both series done 
under pentothal and under ether anesthesia. The average rise in the former 
was 11/8.7 mm. of mercury and in the latter 17/9 mm. of mercury. A point 
of interest, however, is the final level. This is similar to that occurring in 
intracranial surgery with sodium pentothal in that the final pressure was iden- 
tical with the preoperative level despite an operative time varying from 1.5 to 
3 hours and an average requirement of 2 Gm. pentothal. 

To obviate the effect of pentothal anesthesia upon postural vascular ten- 
sion, a series of 15 patients with convulsive seizures were studied before per- 
forming a pneumo-encephalogram. Intravenous sodium pentothal was given 
with the patient supine. Blood pressures were taken at one to three minute 
intervals. No constant changes were noted during or after the induction 
phase; however, a slight fall in pressure was frequently noted. The patient 
was tilted to an upright sitting posture. Blood pressures were taken at 30°, 
60°, and 90° and similarly on being lowered. There were no constant or 
striking changes associated with the position. Occasionally a 10 to 15 mm. 
fall in pressure was noted after the anesthesia was induced; a somewhat sim- 
ilar fall or rise ensued after the patient was placed in the sitting position. 

Discussion—The acute hypertensive phenomenon noted in subtemporal 
craniectomy procedures under pentothal anesthesia is presented both for its 
physiologic and clinical interest. The hypertension in some of the cases was 
quite striking, reaching a maximum elevation of 85 mm. of mercury. There 
are several important clinical factors. Gruber, Haury and Gruber® felt from 
their experimental work on dogs that the general systemic blood pressure ele- 
vation might be a definite contraindication for the use of this drug in cases of 
hypertension or cardiac damage. This would seem logical since in dogs cardiac 
arrythemia was routinely produced under this anesthesia. “In those experi- 
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ments in which cardiac arrythemia was not instituted by the injection of 
pentothal sodium, the arrythemia could usually be introduced by increasing 
the blood pressure upon withdrawal of the carotid sinus reflex.’ In the pres- 
ent series, however, only one case of cardiac arrythemia was noted under 
sodium pentothal anesthesia. In this case an elevation in blood pressure of 
30 mm. Hg. was followed by a cardiac fibrillation. This occurred after two 
hours of anesthesia. The fibrillation lasted about five minutes but was insuf- 
ficient to produce gross signs of circulatory embarrassment. The cardiac 
rhythm returned to normal with a sudden drop in blood pressure. Since this 
was at the end of the surgical procedure, at which time the usual drop oc- 
curred, it was not possible to determine whether the fall in pressure mitigated 
the fibrillation or whether the fibrillation caused the fall in pressure. 

Despite the fact that many of the patients in this group had mild gen- 
eralized arteriosclerosis, with slight cardiac enlargement, their general post- 
operative recovery appeared smoother than the cases performed under ether 
anesthesia. 

An important point noted has been in the normalcy of the blood pressures 
in both groups operated upon under pentothal anesthesia. This was present 
despite occasional lengthy operating time and use of rather large doses of 
sodium pentothal, and would tend to refute any detectable deleterious effect 
of pentothal upon the circulatory or cardiac system. 

Several authors have suggested that pentothal should not be used in cases 
of shock. However, the findings in the present cases, particularly the normal 
blood pressures at the end of the operative procedures would tend to suggest 
a converse opinion. This factor has been substantiated (Pender and Essex) 
by showing a delayed development of shock and death in dogs under pentothal 
as compared to ether anesthesia. Adams and Gray! verify this clinically. 

The cause of the hypertension in the present cases is not clear. The pos- 
sibility of irritation to the trigeminal nerve does not appear likely since the 
elevation in blood pressure was usually encountered before the nerve was 
reached and persisted to a slight extent after all the fibers were avulsed. If 
pain alone were a factor, a similar elevation would be expected upon retraction 
of the sensory roots during disk operations and also on cutting the trigeminal 
root by the suboccipital approach. This did not occur. It is more probable 
that an hypersensitivity of the cerebral vasomotor centers takes place under 
pentothal anesthesia. Parasympathetic overactivity has been shown in experi- 
mentation on cats." In the discussion of the hypertension found in dogs® no 
postulation as to the underlying mechanism was made. The possibility of in- 
creased intracranial pressure per se, due to retraction and pressure upon the 
unopened dura, has been considered but has been discarded for several rea- 
sons: (1) A lowered intracranial pressure has been shown to be present under 
sodium pentothal anesthesia.1° *1_ (2) Intracranial pressure is lessened at the 
time of incising the sheath of gasserian ganglion with the escape of cerebro- 
spinal fluid. (3) Hypertension was not present in those cases operated upon 
under ether anesthesia, 
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SUMMARY 

A definite acute arterial hypertension has been noted during the sub 
temporal approach to the gasserian ganglion when performed under sodium 
pentothal anesthesia. The average elevation in blood pressure in a series of 
ten consecutive cases was 51.3/32.5 mm. of mercury. Under ether anesthesia 
such an elevation does not occur—the average in a similar series being 141.1 
mm. of mercury. In a comparative series of pentothal and ether anesthesias 
for the extirpation of herniated intervertebral disks, no specific elevation of 
blood pressure was seen. The average pressure being 11/8.7 and 17/9 mm. 
of mercury, respectively. 

The final blood pressure in both series, however, was higher when pen- 
tothal was used, thus, suggesting that operative or postoperative shock is 
less likely to occur under pentothal anesthesia. 

The possibility of a postural hypertensive effect under pentothal sodium 
was eliminated. It appears more likely that an increased sensitivity of the 
central vasomotor centers occurs during pentothal anesthesia. Since the re- 
traction of the temporal lobe probably results in a rather widespread pressure 
or irritative effect, the site of the vasomotor stimulation is not known. 
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